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m TRANSGENIC M OUSE FOR TARGETED RECO MBINATION MED T RTTn 

BY MODIFIED CRE-ER* . 
The present invention relates to a metazoan 
organism, with the exception of humans, and in 
particular a mouse, characterized in that at least one 
cell of this organism comprises at least one fusion 
5 protein between a recombinase Crc and a modified 
nuclear estrogen receptor allowing it to respond to 
synthetic antiestrogens but not to natural estrogens, 
and one or more DNA sequences of interest belonging to 
the genome of said organism into which one or more 
10 sites of recognition of said recombinase protein are 
inserted. The invention also covers the methods using 
said organism for the mutagenesis and the analysis of 
the biological function of the DNA sequence (s) of 
interest, in particular of the gene(s) of interest, 
15 such as RXR tt . 

The ability to modify the genome of animals, 
more particularly of mice, by integrating transgenes 
randomly or at preselected sites, by homologous 
recombination, in embryonic stem cells (Es cells) has 

20 made it possible to greatly improve our understanding 
of the biological function of mammalian genes under 
normal and/or pathological conditions (Jaenisch, 1988; 
Capecchl, 198 9) . However, these techniques have proved 
not to be very informative in a large number of cases, 

25 in particular because the hereditary mutations thus 
generated were lethal during development and/or because 
their effects were pleiotropic. 
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To remedy these defects, strategies for 
conditional somatic mutagenesis have been developed, 
particularly in mice; they make it possible to 
selectively induce mutations in a given cell type 
5 (spatial control) or at a given time (temporal control) 
during the life of the animal. 

A first strategy consists in combining the 
targeted homologous recombination with the site- 
specific recombination systems based on the use of 
10 recombinases which catalyze the recombination reaction 
between two short recognition DNA sequences. It has 
been shown that these site-specific recombination 
systems, although of microbial origin for the majority, 
could function in higher eukaryotes, such as plants, 
15 insects and mice (Sauer, 1994; Rajewsky et al . , 1996; 
Sauer, 1998) . Among the site-specific recombination 
systems commonly used, there may be mentioned the 
Cre/Lox (Sauer, 1996) and FLP/FRT (Kilby et al . , 1993) 
systems. The strategy normally used consists in 
20 inserting the loxP (or FRT) sites into the chromosomes 
of ES cells by homologous recombination, or by 
conventional transgenesis, and then in delivering ere 
(or FLP) for the latter to catalyze the recombination 
reaction. The recombination between the two loxP (or 
25 FRT) sites may be obtained in ES cells (Gu et al . , 
1993) or in fertilized eggs (Araki et al . , 1935) by 
transient expression of Cre or using a Cre transgenic 
mouse (Lakso et *1 . , 1992; Orban et al., 1992). Such a 
strategy of somatic mutagenesis allows a spatial 
30 control of the recombination, because the expression of 
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the recombinase is controlled by a promoter specific 
for a given tissue or for a given cell. However, this 
strategy also has limitations because some som atic 
alterations can lead to a lethal phenotype at an earl 
5 stage of development, thus preventing any subsequent 
biological or physiological study. Also, an 
insufficiently specific expression of the recombinase 
can lead to recombination events in a non-desired cell 
type (Betz et al_, i 996) which/ lf they q ^ 
10 .during embr.yogenesis, can ...cause recombination of the 
DNA in the majority of the adult tissues, and thereby 
complicate the analysis of the mutant phenotype. 

A second strategy has consisted in controlling 
the expression of recombinases over time so as to allow 
15 temporal control of somatic recombination. To do this, 
the expression of the recombinases is controlled by 
inducible promoters (Ktihn e/- * 7 iqoc. ^-;_x. _ 
al., 1996), SU ch as the interferon-inducible promoter, 
for example. This system also has limitations because 
20 it does not make it possible to obtain spatial control 
of the recombination. 

The coupling of the tetracycline-inducible 
expression system developed by H. Bujard (Gossen et 
*l.r 1992; WO 94 04672; EP 804 546) with the site- 
25 specific recombinase system has made i t possible to 
develop a system for somatic modification of the genome 
which is controlled spatiotemporally . Such a system is 
based on the activation or repression, by tetracycline, 
of the promoter controlling the expression of the 
30 recombinase gene. Such a method, although making it 
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possible to obtain a spatiotemporal control of the 
somatic recombination, has the disadvantage of being 
cumbersome to carry out because it requires the 
creation of a doubly transgenic animal. 
5 It has been possible to envisage a new strategy 

following the development of chimeric recombinases 
selectively activated by the natural li gan d for the 
estrogen receptor. Indeed, the observation that the 
activity of numerous proteins, including at least two 
10. enzymes (the. tyrosine kinase, c -abl and src) is 
controlled by estrogens, when the latter is i inked to 
the ligand-binding domain ( lbd, of the estrogen 
receptor a (ERa) (Jackson et al. t 1993; Picard et al 
1994) has made it possible to develop strategies for 
15 spatiotemporally controlled 3 it e - Spec if ic recombination 
(Logxe at al. r 1995; Metzger et al., 1995). However, to 

use such chimeri <~ rar-^mt-.-; . 

... u „c 1jio3C5 LU successfully carry 

out conditional somatic mutagenesis in vertebrates (in 

particular mice) which produce estrogens, it wa , 

20 necessary to create recombinases which are not 
activated by the estrogens present in the animal 
otherwise the temporal control of the recombination of 
the target genes would not be obtained. Thus, mutations 
were introduced into the ERa LED, and it ha,- been 

25 shown, in cells in culture, that the chimeric 
recombinase Cre-ER^ no longer responds to the natural 
estrogens, despite being efficiently activated by 
antiestrogens such as 4-hydroxytamoxif en (OHT) (Fell et 
al., 1996). 
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The fusibility of the site-specific sortie 
recombination activated by an antiestrogenic ligmd hM 
thus been demonstrated lor "reporter" DNA sequences, in 
mice, and in particular i„ various transonic mouse 
lines which express the fusion protein c »-»* 
activated by Tamoxifen (Tarn) (Fe il et aJ 1996 . 
Brocard « al., lM7> Indxa et ^ ^ ^ 
feasibility o, ttle site-specific recombination 
activated by a ligand for a g e„e present in its natural 
. chromatin environment has b ee n demonstrated in mice by 
SchwenX #t ai. (1S9e) . Sohwenk et al _ ^ thus carr . ed 

out the option, inducible by injection of Tamoxifen, 

of a polp gene in B cells using a mouse expressing, 

U specifically in the B lymphocytes, a fusion protein 

jj between the recombinase Cre and the ligand-binding 

U d ° main ° f the muCated nuclear estrogen receptor 

B o»«er, the techno 

n dj w oy icnwenx et al 

i does not make it possible to obtain a satisfactory 

- efficiency of spatiotemporally controlled site-specxf ic 

;3 20 recombination in cells expressing ths fusion protein 

because the efficiency varies between a few plants 
and 80%, in spite of the u Se of high doses of QHT (five 
mictions of 8 mg, . Moreover, the results presented by 
Schwen* et ai . show that in the Qf 

Ugand, the activity of the f usion proteln used ^ ^ 
Educed by natural ligands generating a non negligible 
residual -background noise" which may be detected by 

PCR. y 



UP Wtil nOW ' the Po^ibility of carrying out 

the ligand-activated, site-sDPHfiP 

"-v sxte specific somatic 
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recombination of chromosomal DNA sequences,, in their 
natural chromatin environment, has therefore never been 
able to be satisfactorily demonstrated in animals, in 
particular mice, that i s to say with a very hi g h 
eff.ciency in the presence of synthetic ligand and with 

a negligible or even zprn 

even zero background noise" in its 

absence ♦ 

As highlighted by Schwenk et al . in the 
discussion in their article, there i S a real need tQ 
' - develop transgenic animals- -in- whose cells site-specific 
recombination could be spatiotemporally induced with an 
efficiency of close to i 0 03 in the • presence of 
synthetic ligand, and which could not occur in any cell 
^ the absence of synthetic ligand and/or in the 
presence of a natural ligand. 

Moreover, a need ai so exists to develop 

chxmerxc recombinases with increased ,pncH ^ 

synthetic ligand, so as to avoid injecting into the 
anxmals massive doses of synthetic ligand which can 
cause xn these animals not only unjustified suffering 
but can also affect the general metabolism of the 
animal, which would distort subsequent physiological 
and behavioral studies. 

Unexpectedly, the inventors have solved the 
Problems mentioned earlier, which had not been resolved 
up until now, by combining the selection of novel 
mutations in the ligand-binding domain of the human 
nuclear estrogen receptor, the selection of a suitable 
hinge region between the two domains of the chimeric 
recombinase, and the selection of promoters suitable 
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for directing the expression of the chimeric 
recombinase in a given tissue. 

The present invention therefore relates to a 
metazoan organise, with the exception of humans, 
characterized in that at least one cell of sa id 
organism comprises at least: 

(i) one fusion protein comprising sequentially: 

- a recombinase protein; 

- a hinge region of at least 15 amino acids; 

- a. polypeptide comprising the ligand-binding 
domain of the human nuclear estrogen receptor, 
or of a vertebrate nuclear estrogen receptor, 
and their natural variants or one of their 
fragments, said polypeptide exhibiting at least 
one mutation relative to the wild-type form of 

,", Sdid ^nd-bindlng domains, or of their 
*S natural- variants, or t-u^ ^ * „--+.. 

M said fusi °* Protein having a negligible, or 

g even zero, recombinase activity in the presence 

20 ° f a natural ligand, such as for example 

estradiol, and a recombinase activity induced 
by a small quantity of synthetic ligand endowed 
with antiestrogenic activity, auC h as for 
example Tam and OHT ; 
25 (ii) on e Q r more gene or intergenic DNA sequences of 
interest naturally belonging to said genome of 
said organism into which one or more 
recognition sites of said recombinase protein 
are inserted, said DNA sequence (s) of interest 



15 
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being located in one or more of the chromosomes 
of the genome of said cell. 

The expression *metazoan organism* is 
understood to mean any animal organism, with the 
5 exception of humans, consisting of several cells. 
According to a preferred embodiment , it is a vertebrate 
such as for example a mammal, a bird, a fish. 
Preferably, it is a mammal such as for example a 
bovine, a porcine, a caprine, an ovine, an equine, a 

10 .rodent. According to a more^pref erred embodiment, it is 
a rodenL such as mice or rats. 

The expression * recombinase protein" is 
understood to designate recombinases of the family of 
integrases which catalyze the excision, insertion, 

15 inversion or translocation of DNA fragments at the 
level of specific sites of recognition said 
recombinases (Sternberg et &1 * , 1986, Sauer, et al . , 
1990; Barbonis et al., 1993; Kilby et al . , 1993; Sauer, 
1994; Denisen et al . , 1995). These recombinases are 

20 active in animal cells (Sauer, 1994) , 

The recombinase protein of the invention is 
preferably selected from the group of site-specific 
recombinases composed of the Cre recombinase of 
bacteriophage PI, the FLP recombinase of Saccharomyces 

25 cerevlsiae, the R recombinase of Zygosacch#romyces 
rouxii pSRl, the A recombinase of KluyveromyQes 
drosophilarium pKDl, the A recombinase of Kl uy veromyces 
waltii pKWl, the integrase X Int, the recombinase of 
the GIN recombination system of the Mu phage, of the 
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bacterial p recombinase (Diaz et al., 1999) or a 
variant thereof, 

The Cre rcyclization recombination") 

recombinase which is a 38 KDa integrase of 
5 bacteriophage Pi catalyzes, in the absence of 
cofactors, recombination between two DNA sequences of 
34 basepairs called *loxP site" (Sauer et ai., 1990). 
The position on one or more DNA molecules and the 
orientation of the loxP sites relative to each other 
10 - determine the -type of function of the Cre recombinase : 
excision, insertion, inversion or translocation. Thus, 
the recombinase activity of Cre is an inversion when 
two loxP sites are invGrted on the same DNA fragment, 
and an excision when the loxP sites are in the form of 
15 a direct repeat on the same DNA fragment. The activity 
of the recombinase is an insertion when the loxP site 
is present on a DNA fragment, it being possible for a 
DNA molecule such as a plasmid containing a loxP site 
to be inserted at the level of said loxP site. The Cre 
20 recombinase can also induce translocation between two 
chromosomes provided that a loxP site is present on 
each of them (Babinet, 1995) . More generally, the Cre 
recombinase is therefore capable of catalyzing 
recombination between one or more different DNA 
25 molecules provided that they carry loxP sites. 

The FLP recombinase of the FLP/FRT system is a 
recombinase of 43 KDa from Saccharomyces cerevisiae 
which is capable of the same type of action as the Cre 
recombinase on DNA fragments containing FRT recognition 
30 sites (Kilby et ai., 1993). 
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Preferably, the recombinase according to the 
invention is the Cre recombinase of bacteriophage PI 
and its natural or synthetic variants, and said sites 
of recognition specific for said Cre recombinase are 
5 preferably chosen from the group composed of the 
sequences Lox P, Lox 66, Lox 71, Lox 511, Lox 512, Lox 
514. 

The expression ^variant of the recombinase 
protein" is understood to mean all the wild-type 
10 recombinases .or fragments, -thereof which may exist 
naturally and which correspond in particular to 
truncations, substitutions, deletions and/or additions 
of amino acid residues. These recombinases and 
fragments thereof are preferably derived from the 
15 genetic polymorphism in the population. The expression 
'recombinase fragment" is understood to mean any 
-j.-.a__ r——9" i-iny at jL^tiSt one recamdinas e 

activity. The expression variant of the recombinase 
protein is also understood to mean the synthetic 
2 0 variants for which the above modifications are not 
naturally present, but were introduced artificially, by 
genetic engineering for example. Thus, the recombinases 
derived from chimeric fusion constitute synthetic 
variants according to the invention. Such recombinases 
25 have been described for example in Shaikh and Sadowski 
(2000) . 

Said hinge region according to the invention 
comprises the D hinge region of the nuclear estrogen 
receptor, preferably the human nuclear estrogen 
30 receptor a, or one of its fragments. 
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The D hinge region (region 263 to 301 of the 
sequence SEQ ID No . 2) is a region situated between the 
ER C region which contains the DNA-binding domain 
(region 180-262 of the sequence SEQ ID No. 2) and the 
5 ligand-binding domain (region 302 to 552 of the 
sequence SEQ ID No. 2). 

Preferably, this hinge region sequentially 
comprises at least (i) two amino acids corresponds to 
the introduction of a restriction site, of a "linker", 
10 ..or of an adapter, which are- necessary for the cloning 
of the fusion gene, and (ii) one fragment of the 
D hinge region of the human nuclear estrogen receptor 
a, corresponding to amino acids 282 to 301 of the 
sequence SEQ ID No . 2. Preferably, said restriction 
15 site as an Xhol site and the two corresponding amino 
acids are leucine and glutamine. 

The hinge region according to the invention has 
a size of at least 15, 17, 19, 21, 23, 25, 27, 29, 31, 
33, 35, 40, 45, 50, 55, 60, 65, 70, 100, 150, 200, 250, 
20 2 92 amino acids. According to a preferred embodiment, 
said hinge region comprises at least 15 amino acids and 
at most 54 amino acids. More preferably still, the 
hinge region comprises 23 amino acids. The width of the 
hinge region influences the regulation of the 
25 recombinase activity by the .ligand. 

The hinge region according to the invention may 
consist of a peptide which is functionally equivalent 
to said D hinge region. 

The estrogen receptors (ER) are proteins 
30 regulating the transcription of genes which mediate the 
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action of estrogens in the target cells. The ERs belong 
to the superfamily of nuclear receptors which have a 
common modular structure: (i) a variable N-terminal A/B 
region containing the constitutive transactivation 
5 activity af-1, (ii) a DNA-binding central domain C 
(DBD) which is highly conserved between various species 
and allowing binding of the receptor to its specific 
DNA response element, (iii) and a ligand-binding domain 
(LBD), located in the C-terminal region of ER (for 
10 review articles and references see Evans, 1988; Beato 
et al., 1989; Gronemeyer, 1991; Green and Chambon, 
1988; Parker, 1993; Simons, 1994) . 

The nuclear estrogen receptors according to the 
invention are chosen from the human nuclear estrogen 
15 receptors, and from the nuclear estrogen receptors of 
vertebrates such as for example the various species of 
primates, bo vines , porcines, ovines, caprines, felines, 
canines, equines, birds, fish, rodents, in particular 
rats and mice . 

f * 20 According to a preferred embodiment, the source 

H- organism for the estrogen receptor according to the 

invention is characterized in that said ligand-binding 
domain (LBD) of the nuclear estrogen receptor, or its 
natural variants, or one of their fragments, is human 
25 and is chosen from the LBDs of the human nuclear a and 
0 estrogen receptors (ERa and ER3) . According to a 
further preferred mode, this includes the LBD of the 
human nuclear estrogen receptor a corresponding to 
amino acids 302 to 552, or its natural variants, or one 
30 of their fragments. 
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The expression "natural variant" is understood 
to mean all the LBDs of the nuclear estrogen receptors 
or their fragments which may exist naturally, in 
particular in human beings, and corresponding in 
5 particular to truncations, substitutions, deletions 
and/or additions of amino acid residues. These natural 
variants are derived in general from the genetic 
polymorphism in the population, and have an activity 
which is not substantially modified compared with the 
10 ..wild-type receptor. 

There are also included in the scope of the 
invention the polypeptides homologous to the LBDs of 
the wild-type nuclear estrogen receptors, or to their 
variants, or to one of their fragments, and which 
15 exhibit certain modifications, in particular a 
deletion, addition, substitution of at least one amino 

acid, a truncation. *r> ovh B nc<^ / . , ■ 

- , — -..^.wj. u1 i mnw., vj. ct cmmeric 

fusion. 

The expression 'nuclear receptor fragment" is 
understood to mean any portion of the nuclear estrogen 
receptor LBDs exhibiting at least the LBD activity. 

Said fusion protein according to the invention 
is therefore preferably Cre-ER and comprises the Cre 
recombinase protein to which is fused a portion of the 
D hinge region and the LBD (amino acids 282 to 595 of 
the sequence SEQ ID No. 2) of the mutated human 
nuclear estrogen receptor a (SEQ ID No. 2). The fusion 
protein according to the invention comprises at least 
the portion of the nuclear estrogen receptor having a 
ligand binding activity. 



20 



25 



30 
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Said LBD of the nuclear receptor, or one of its 
fragments, has at i east one mutation. This mutation is 
preferably chosen from the group: 

mutation (G521R) glycine to arginine at position 
5 521 of the sequence SEQ ID No. 2 or of a natural 
variant of this sequence; 

mutation (G400V) glycine to valine at position 
400 of the sequence SEQ ID No . 2 or of a natural 
variant of this sequence; 
10 - mutation, (methionine-leucine) to (alanine-alanine) 
n situated at position 543-544 (M543A/L544A mutation) of 

5 the se ^ ence SE Q ID No. 2 or of a natural variant of 

thi$ sequence. 

W The term "nutation* is understood to mean any 

^ 15 changes occurring in the sequence of the nuclear 

£ estrogen receptor, and in particular of the human 

n nuclear estrogen receptor a, other than those present 

S in its na tural variants, and/or in its human or 

£ vertebrate homologues, and which substantially modify 

1' 3 20 the activity of the recombinase protein fused to said 

receptor or to said ligand-binding domain, in response 
to the binding of a synthetic ligand endowed with 
antiestrogenic activity. 

Among the mutations capable of being introduced 
2 5 into the LBD of the nuclear estrogen receptor, there 
may be mentioned point mutations, deletions, 
insertions, substitutions. However, it is advisable to 
select only the mutations introduced into the LBD of 
the nuclear estrogen receptors which allow induction of 
30 the activity of the Cre recombinase fused to said 
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receptor by a synthetic ligand in low concentration, 
while avoiding as far as possible the inducing of a 
basal activity by the natural ligands for this receptor 
which are naturally present in the m et asoan organism. 
5 Likewise, it will be advisable to select the mutations 
which do not confer activity on the Cre recombinase 
fused to said receptor in the absence of a ligand. 

The G521R mutation constitutes an LBD mutation 
of the ER according to the invention. This mutation is 
10 .similar to. the G525R mutation- introduced into the mouse 
ER LBD (mER) which reduces the affinity for the natural 
ligand, estradiol, by about 1000 fold, without 
adversely affecting the binding of the synthetic 
ligand, 4-hydroxyTamoxif en ( OHT) (Danielan et al. f 
15 1993) . Thus, the inventors have shown that the 
recombinase activity of the Cre-ER T (T = for inducible 
by Tamoxifen) ■f : ii«?i nn m-nfAi h , .v, ^ „v. ■ ., 

mutation, and the amino acid glycine at position 400, 
called Cre-ER(GR) in the article by Fell et al . 1997, 
is dependent on the addition of OHT or of Tarn to the 
medium for culturing transfected cells. On the other 
hand, no recombinase activity is observed in the 
presence of OHT when the fusion pr Q tein carries the 
G521R mutation and the G400V mutation (mutant called 
25 Cre-ER(VR) in Feil et al., (1997)). 

The inventors have also created the fusion 
protein corresponding to the triple mutant 
G400V/M543A/L544A called Cre— ER T2 (Feil et al., 1997). 
This fusion protein exhibits a recombinase activity in 
cultured cells which is induced by the antiestrogen Tain 



30 
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or OHT, but not by the natural ligand estradiol; 
moreover, the maximum activity of Cre-ER« is induced 
for Tam or OHT doses less than those necessary to 
activate Cre-ER*. This increased sensitivity to Tam or 
OHT of cre-ER" oom pareci with cre-ER T has been verified 
in transgenic mice selectively expressing the chimeric 
recombinase* in the basal l ayer of the epidermis, under 
the control or the cytokeratin 5 promoter (mdra et 
al., 1999). The inventors have observed that the 
translocation of cre-ER" from the cytoplasm into the 
nucleus, as well as the excision of the DNA sequences 
flanked by loxP sites from a "reporter" gene are 
induced at doses of about ten times l ess tnan those 
necessary for Cre-ER T . 

15 W±th the aira of further la cr W8ing the 

sensitivity of the chimeric recombinase Cre-ER" to 
Tamoxifen, the inventors replaced the valine at 
position 400 in C re-ER« with' a glycine. TwT'novel 
fusion protein which corresponds to the double mutant 

20 M543A/L544A called Cre . ER » exhib±ts increased 
sensitivity to the synthetic antiestrogenic ligand such 
as Tarn and OHT, without the recombinase activity of 
this protein being induced by the natural ligand 
es bradiol . 

25 The inventors have thus shown that for 10 times 

lower injected Tam doses, the recombinase activity in 
the cells of a transgenic Cre-ER T3 mouse is greater than 
that of a Cre-ER T2 mouse (see Example 5) . 

According to 'a preferred embodiment, the fusion 

30 protein according to the invention is Cre— ER TZ whose 



11/05 2001 VEN 16:36 FAX 01 44 29 35 89 CABINET REGIMBEAU 



1018/021 



17 - 



10 



ER LBD exhibits the mutation G4 00V/M543A/L54 4A. 
According to another preferred embodiment, the fusion 
protein is Cre-ER- whose ER LBD exhibits the mutation 
M543A/L544A. 

One of the objects of the present invention is 
therefore to provide a Cre-ER fusion protein which 
exhibits mutations in the human ERa LBD which are 
preferably chosen from the mutations G521R, G400V, 
M543A and L544A, whose recombinase activity is not 
induced by .the natural ligands, and is highly induced 
„ by a small quantity of synthetic antiestrogenic ligand. 

w Preferably, this fusion protein is Cr e -ER T , Cre-ER T -, 

Jjf Cr e -ER T3 . The present invention also relates to said 

1M fusion gene encoding said protein, said vector for 

15 pressing said protein, as well as the corresponding 

t h ° St Cel1 ' aild the "^responding transgenic animal, 

s which ex-presses s a ir) -p.,^-;^ — -.^-j- 

" — --~-o. 4 ^lULKin xn a particular 

if: CSl1 type ' P^ferably the epidermis, the liver or the 

M= adipose tissue. 

□ 20 ThS Cre_ER fUsion Protein of the present 

if * invention therefore comprises all or part of a nuclear 

estrogen receptor and a recombinasc protein whose 
activity is inducible more strongly by the binding of 
said receptor or of said ligand-binding domain (LBD) of 
25 said receptor with a said antiestrogen than with a 
natural ligand. Said Cre-ER fusion protein maJces it 
possible to carry out a recombination between loxP 
sites, in a cell of the organism of the invention, 
following treatment with an antiestrogen . m the 

30 absence of treatment ov < « 4-t, 

Lie^menn, or m the presence of 



11/05 2001 VEN 1 6:37 FAX 01 4 4 29 35 99 CABINET REGIMBEAU 



1019/021 



18 



concentrations of iigands such as the natural estrogens 
of up to io- M, no excision is observed. This system 
therefore makas it possible to release the reco^inase 
«etx„t,r of the chimeric protein at a g iven and chosen 
moment. Said Cre-ER fU510n protein ^ be expreS3ed 

cells containing Ioxp ci fnr . ^ 

9 ° P sites, without modifying the 
locus containing the loxP , it „. The recoir ^ nation at 
the lev el of th. ioxp sites ta.es place only a£t 
treatment with an antiestrogen 5uch as Tam Qr 0HT 
lO.^rth^ore, by expressing., said Cre _ £R fusion 

W " ° rganiSIU aCC ° r din ^ to th. invention, preferably 
- animal, under the control of ? ^ 

cellular specificity, it i 5 possible tQ Q 

recombination between loxP sites, specifically in these 
15 cells. 

The expression 'synthetic li ga nd" is understood 
to mean any type of compound capaMe Qf ^ ^ 

nuclear estrogen receptor, and exhibiting agonist 
and/or antagonist activities, according to the spec i S5 , 
the tissue or the cell type . Preferably, and with no 
limitation being impliecl , the 5ynthetlc d 

according to the im7fiV ,^. 

y tne invention is endowed with 

antiestrogenic activity/ it is preferably fche 
antiestrogenic therapeutic agent Tamoxifen <r „), but 
also ats metabolite 4-hydroxyTamoxif en (OHT) The 
antiestrogens Id 164 384 and ici 182 780 are also 
synthetic ligands according to the invention. 

The present invention therefore provides a 
transgenic metazoan organism and more particularly a 
transgenic ani.al, and in particular a transgenic 
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more chromosomal ONA s6 , uences which ^ 

»«r natural chromatin context and are flanked 
f oxed, by XO.P sites; which pr , ferably 

* a o hlmerIC cre recomblnase , n a ti<Me .^ eitic 

. ° r m ° re « th. or 3Mls „ whose 

CilMI1C C " activity l3 negligible, or 

-en !er „, ln t he presence of estrogen; (1 v> who , e 
recombinase activity is act±vated 
10 concentration, of a n antiestro g en ,from 0.C01 J , ™ 
of Tamoxifen/mouse/day, for five days, , , T) and „ 
whose cre recombinase is capable of cataly 2ing , „ ith an 

3o"::i: ncy c t to im - the ^-^^ ****** 

somatic recombination in the nucleus, in a natural 
chromatin environs of the floxed Dm sequence ,„ . 

The doses of synthetic ligand injected into the 
metazoan organism according to the invention are low 
The term 1o „ is understood to mean quantities of i ess 
than or egual to 4 mg/adult mouse/day, preferably le5s 
than or equa! to Z mg/adult mouse/day, in a preferred 
manner iess than or equal to 1 mg/adult mouse/day 
According to an even more preferred mode, this quantity 
»y b. less than or equal to 0.5 mg, 0 . 25 mg , 0 . 10 

0.075 mg, 0.05 mg, 0.025 ma 0 nm 
?s an . ^ m9/ °- 001 m 9 Per adult mouse 

and per day. 

It is clearly understood that persons skilled 
« the art will be able to ^ ^ quant 

according to the organism, its weight and its age. 

30 . ^ efficie ^y of the targeted static 

-cognation is estimated fay techniqueg ^ ^ 
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persons skilled in the art. This efficiency , 
estimated by the fluency of recombination event, 
catalyzed by said recombinase. These ev ents may be 
r6Vealed by PCR or ^uthern Blotting; the recombination 
5 frequency being estimated by taking the ratio of t h e 
representation of the variou 5 alleles in the cells of a 
tissue. The frequencies of the various alleles may be 
estimated by assaying the intensity of the 
corresponding bands on an electrophoresis gei ot a 
10. product of. PGR amplification, or of genomic DNA 
(Southern blotting) . 

The use of the pgr makes this method of 
estimation extremely sensitive and makes it possible to 
detect the presence of cells of the or ganism wnose 
genome has not undergone targeted site-specific 
recombination. 

Another way of estimating the efficiency of the 

recombination may be rarnsri • ^. 

*x we carried out indirectly by 

immunohistochemistry, by analvzina t-K« 

*/ "y analyzing the expression of 

20 the gene sequence to be inactivated for example. 

According to a preferred embodiment, said 
fusion protein is encoded by a fusion gene integrated 
xnto one or more of the chromosomes of said cell of 
said organism. According to another embodiment, the 

25 fusion protein is encoded by a fusion gene integrated 
into an expression vector. The fusion gene according to 
the invention is introduced into the cell in the form 
of an expression vector or of one of it, fragments. A 
"vector" i 5 a replicon in which another polynucleotide 

30 segment (i.e. the fusion gene) i s attached, so as to 
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bring the replication and/or expression to the attached 
««~-t. The vectDr may be in ^^^^^ ^ 

Pla-mxd DNA, , cosmid , a phage ^ a virai ^ - 

nunichromosome (BAC, YAC and the likM ^ k 
5 m*v -ho ■ ^ . ' - Such a sector 

J may be integrative, that i= ^ 

, hfl ' that 15 to sa V can inLegrate into 

« -trachro^o.al replicon. When it exists in ^ 

ii7j\r tr hr ™ ai repiicon ' the ™- 

10 " ° f rSPliCat ^ -ton-ously. When it 

■ s a fragment .of an e , pres , iGn vectot , prefgrably 

fragment integrates into the cellule 

-v-,^ . e cellular genome. The 

expression vector or one '4. 

Last th. * fragments' composes at 

Last the f uslon gene and a promoter ^ 

^ents which it possi bl9 to dlr ect an d 

ceil of said organism. 

The expression vector compcis9Si in 
signais t „ 1Mtlation m ^nation of th 
transcription, as well as appropriate r 
20 reguiat.on of the transcri pti0n . Ihese vaxious co H 
-gnals are chosen according to the ceXiuiar host usee 
is una T ; XPreSSl ° n 61ements ""roliing expression 

the regulatron of the gene expression, that is to say 
the .™ promoter sequence; the ^^^^ J 

the actuating seances (-enhancers- , , optio„a lly the 

inhibitory sequences ("silencers") t->, 

5 iencers >' the * insulator" 
-equences, and any ot h er required sequence. 
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Preferably, the fusion gene is placea under 
control of tis su e -sp ecifi c or c e ll- specific or 

ubiquitous expression elements. 

ThS ""^-specific expression elements or 
ti3su.- 5 pecific promoter regions are chosen from the 
promoters wh 1C h make it possible to obtain a specific 
and preferably high, expression in one or more cells' 
tissues, cell types or organs of the organism according 
to the invention. The $e proitloter regions ^ 
.heterologous or nonheterologous to the organism and may 
be naturally present or otherwise m the genome of the 
organism. By way of nonlimiting example of tissue- 

specific promoter regions, thor-a v, 

aiMS ' tnere may be mentioned the 
promoter regions of the genes: 

" - for cytokeratin, and more particular fQr 
cytokeratin 5 (K5) and cytoxeratin 14 (K14 , , which 
directs the expression of t-h^ „ a «~ _ . . 
keratinocytes of the epidermis; 

, n ' °- 1 - Mtlt Wa^ -hich directs the expression 

of the gene in the hepatocytes; 

for the adipocyte fatty acid binding protein 2 
(aP2) which directs the expression of the gene in 
the adipocytes. 

According to a preferred embodiment, said 
-5 organism is charactered in that said promoter ^.^ 

13 ^ c ^ ok ««^ 5 (K5 ) promoter region and said 
fusion gene Cre-ER T . 

According to a second preferred embodiment, 
said organism i s charactered in that said promoter 
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region is the cytetor.tin 5 ,K5, promoter re?ion and 

said fusion gene Cre-ER T2 . 

According to a thlrd preferred ^ 
organism i s characterized in th.t said propter region 
» t he cytokeratin 5 promoter cegiQn and 

fusion gene Cre-ER T3 . 

According to a fourth preferred embodiment ; 

said organism i s characterized in that ,„ih 

. , t.nac said promoter 

region is the cytokeratin 14 tKTa\ ~ 

y ecin 14 < K 14) promoter region and 

-.said fusion. gene Cre-ER T . 

According to a fifth preferred embodiment, said 
organism is characterized in that said promoter ^ 

is the cytokeratin 14 r?n * 

^ . (K14) P™oter region and said 

fusaon gene Cre-ER T5 . 

According to a sixth preferred embodiment, said 

organic is characterized in that said promQter ^ 

is the cytokeratin 14 (K14) Bromot^r „ , . . 

fusion gene Cre-EK T \ 

- 0 . H According to a seventh preferred embodiment, 
said organic is characterized in that sai , promoter 
region is the a-l-antitrypsin pronioter region and 5aid 
fusion gene Cre~ER T . 

According to an eighth pr eferred embodiment 
said organise is characterised in that said promoter 
r e gion i 5 the «-l- an titr y p S in promoter tegion and said 
fusion gene Cre-ER T1 \ 

According to a ninth preferred en0t > odinient/ sa±d 
organic is characterized in that said promoter region 
xs the a-l-antitrypsin promoter region and said fu sion 
30 gene Cre-ER 73 . 
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According to a tenth preferred embodiment, said 
organism is characterxzed in that said promoter region 
is the adipocyte fatty acid binding proton 2 (aP2) 
promoter region and sa ld fusion gene Cre— ER T . 
5 According to an eleventh preferred embodiment 

saxd organic is characterized in that said promoter 
regxon is the adipocyte fatty acid binding protein 2 
promoter region and said fusion gene Cre-ER 1 ' 2 . 
According to a twelfth preferred embodiment, 
10 ..said organism, is characterized in that aaid promoter 
regxon is the adipocyte fatty acid bxnding prote in 2 
(aP2) promoter region and said fusion gene Cre-ER". 

According to a first embodiment, the organism 
according to the invention is characterized in that 
15 saxd fusion gene has the sequence SEQ ID No. 3 ancl 
encodes the Cre-ER* protein having the sequence SEQ id 



No. 4 



20 



According to a second embodiment, the organism 
according to the invention is characterized in that 
saxd fusxon gene encodes, of sequence SEQ ID No. 5 the 
fusxon protein Cre _ ER „ hav . ng sequence ^ 



No. 6, 
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According to a third embodiment, the organism 
according to the invention is characterized in that 
said fusion gene encodes, of sequence SEQ ID Ng, 7 the 
fusion protein Cre-ER- having the sequence $RQ IQ 



No. 8 



The article by Metzger and Feil (1999) gives by 
way of nonlimiting example ( c f. table page 471) a list 
30 of tissue-specific promoter regions whxch are capable 
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of being used to direct the expression of the Cre 
protein in various tissues. 

The tissue-specific promoter regions are more 
generally chosen from those which direct the expression 
5 of the fusion pro tein in a physiological system, an 
organ, a tissue, a cell type or a particular cell; 
among which there may be nonexhaustively mentioned the 
nervous system in general, and in particular the brain, 
the cerebellum, the neurons, the motoneurons, the glial 
10.. cells, the .Schwann cells-, . the hypophysis, the 
hypothalamus, the pituitary g i an d, the hippocampus and 
the cortex, the heart, the ventricular cardiomyocytes 
and the auricular cardiomyocytes, the lun gS/ the bones, 
the eyes, and more particularly the retina and the 
15 crystalline lens, the skin and more particularly the 
dermis and the epidermis, the muscle,, and .ore 
particularly the skeletal rausnl^. ^ „..__„, 
the smooth muscles, the mammary gland, Lhe gonads and 
more particularly tho tastes, the ovaries, the germ 
20 cells, the oocytes, the oogonias, the spermatozoa, the 
spermatogonias and the spermatocytes, the kidney, the 
liver and in particular the hepatocytes, the spleen, 
the pancreas and in particular the Langerhans' cells 
and the 3 cells, the tongue, the esophagus, the 
25 adipocytes, the vascular endothelial cells. 

The ubiquitous expression elements or 
ubiquitous promoter regions are chosen from the 
promoter regions which make it possible to obtain 
expression, preferably high expression, in all, or at 
30 least in a high proportion, of organs, or of tissues of 
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the organism according to the invention. These promoter 
regions may be heterologous or nonheterologous to the 
organism according to the invention. By way of 
nonlimiting example of "so called" ubiquitous promoter 
5 regions, there may be mentioned the cytomegalovirus 
(CMV) promoter (Schmidt et al., 1990) and the 
interferon-inducible promoter (Mxl) (Hug et al., 1998; 
Arnheiter et . , 1990] . in addition, the expression 
elements, or promoter regions according to the 
10 ..invention,, .can ensure a- .... oons-titutive or inducible 
control of the expression of the fusion gene. Among the 
elements ensuring inducible expression, there may be 
mentioned the eukaryotic promoter regions which are 
inducible by heavy metals (Mayo et 1982; Brinster 

15 et al., 1982; Seark et al . , 1985), by heat shock (Mover 
e£ al., 1991), by hormones (Lee et al . , 1981; Hynes et 

al - - i Q ft i .- VI/-11-.L- of- ^7 ioQT. t -1 . +, 

' ' — " ^ L < t ■l-'O ' r isj-ctei et ai,, i y y y ) , py 

interferon (Hug et al . , 1998; Arnheiter et 1990). 
There may also be mentioned the inducible prokaryotic 

20 expression elements such as the E. coli Lac repressor 
system (LacR/operator/inducer ) (Hu et al . , 1987; Brown 
et al., 1987; Figge et al., 1988; Deuschle et al., 
1990; Labow et al . , 1990), the E. coli tetracycline 
resistance system (Gossen et al . , 1992) (WO 94 04 672, 

25 EP 804 565) . 

In the case where the integration of the fusion 
gene is targeted by homologous recombination into the 
genome of the organism ("knock-in"), the fusion gene 
may be free of promoter regions or of expression 
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elements and may be placed under the control of a 
Promoter region or of endogenous expression elements. 

The recombinant DNA technologies used for the 
construction of the expression vector according to the 
5 invention are those known and commonly use d by persons 
skilled in the art. Standard techniques are used for 
cloning, isolation of p NA , amplification and 
purification; the enzymatic reactions involving DNA 
ligase, DNA polymerase, restriction endonucleases are 
10 . carried out.. according . ... .-to the manufacturer's 
recommendations. These techniques and others are 
generally carried out according to Sambrook et al 
(1989) . 

The vector according to the invention or the 
15 vector fragments may be introduced into the host cell 
by standard methods such as for example microinjection 

into a pronucleus, traniforn^ v.., 

. _j.a — — ->-*^ii yjy wd4.uiura pnospnate 

precipitation, lipofection, electrcporation, heat 
shock. 

20 The ^sion gene according to the invention 

preferably comprises in the 5' 3' direction: 

a DNA fragment encoding the Cre recombinase of 

bacteriophage Pi or one of its variants; 

a DNA fragment of at least 45 nucleotides encoding 

25 at least either all or part of the D hinge region 

of a nuclear estrogen receptor, a region situated 
between the DNA-binding domain and the ligand- 
binding domain, or a peptide which is functionally 
equivalent to said D hinge region; and 
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a DNA fragment encoding the ligand-binding domain 
(LBD) of a nuclear estrogen receptor or variants 
thereof, said fragment having at least one 
mutation conferring on LBD the capacity to respond 
5 to synthetic antiestrogens, but not to natural 

estrogenic agonists. 

According to another embodiment of the 
invention, the fusion protein is directly introduced 
into the organism, gr into a cell of the organism, it 
10 being possible for this introduction to be carried out 
by injection into a tissue or *r, organ in the case of 
an organism, or by microinjection in the case of a 
cell . 

The DNA sequence of interest according to the 
15 invention is a gene or an intergenic sequence. 
According to a preferred embodiment of the invention, 

the DNA seauence of iTifor 6 = f o ~ , , 

possible for the function of the gene to be known or 
unknown. The study of an organism according to the 

20 invention exhibiting modification of a gene or of any 
other genomic region of unknown function makes it 
possible to contribute to the definition of the 
function of this gene or of this intergenic region. All 
the genes and intergenic regions of a metazoan organism 

25 are capable of. being used in the context of the present 
invention; more particularly, there may be mentioned 
the RXR„, RXRp, RXRy, RAR a , RARp, RAR r , SNF2 P genes. The 
expression "DNA sequence of interest" naturally 
belonging to the genome of said organism, or DNA 

30 sequence of interest in its natural chromatin 
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environment, is understood to mean an endogenous DNA 
sequence, such as an endogenous gene, present in the 
genome at its natural locus (loci) * 

According to a preferred embodiment of the 
invention, the organism according to the invention is 
an animal, in particular a mouse, characterized in that 
at least one of the cells of said mouse comprises: 

a fusion gene encoding the fusion protein Cre-ER' r 
having the sequence SEQ ID No. 4, or Cre~ER T2 
having the sequence .ID„No. 6, or Cre-ER T3 having 
the sequence ID No. 8, said fusion gene being 
under the control of the cytokeratin K5 promoter; 
one or more chromosomal DNA sequences of interest 
in their natural chromatin context and flanked 
15 r flexed") by a lox site. 

According to a second preferred embodiment of 
the invention, -the nra^n-i 

~~ ~ — A -w— - v»www ^-i-i^ v*vy l, i± xnvcii-LlUU 

is characterized in that at least one of the cells of 
said mouse comprises: 
20 - a fusion gene encoding the fusion protein Cre-ER T 
having the sequence SEQ ID No. 4, or Cre-ER T2 
having the sequence ID No. 6, or Cre-ER T3 having 
the sequence ID No. 8, said fusion gene being 
under the control of the cytokeratin K14 promoter; 
2 5 - one or more chromosomal DNA sequences of interest 
in their natural chromatin context and flanked 
(* flexed") by a lox site. 

According to a third preferred embodiment of 
the invention, the organism according to the invention 
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is characterized in that at least one of the cells of 
said mouse comprises: 

a fusion gene encoding the fusion protein Cre-ER T 
having the sequence SEQ ID No. 4, or Cre-ER T2 
5 having the sequence ID No . 6, or Cre-ER T2 having 

the sequence ID No. 8, said fusion gene being 
under the control of the adipocyte fatty acid 
binding protein 2 (aP2) promoter/ 

one or more chromosomal DNA sequences of interest 
10 , in their . natural chromatin context and flanked 

(*floxed") by a lox site. 

According to a fourth preferred embodiment of 
the invention, the organism according to the invention 
is characterised in that at least one of the cells of 
15 said mouse comprises: 

a fusion gene encoding the fusion protein Cre-ER T 

having the sequence ID No, 6, or Cre-ER 7 " 3 having 
the sequence ID No. 8, said fusion gene being 
20 under the control of the a- 1 -anti trypsin promoter; 

one or more chromosomal DNA sequences of interest 
in their natural chromatin context and flanked 
(*floxed") by a lox site. 

The present invention also relates to methods 
25 of preparing a metazoan organism according to the 
invention , 

A first method of preparation consists in the 
steps of: 

a) obtaining an embyronic stem (ES) cell modified by 
30 insertion of site(s} of recognition for said 
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recombinase protein into said DNA sequence (s) of 
interest, located in one or more chromosomes, by 
homologous recombination; 

b) introducing said modified embryonic stem cell into 
5 an embryo of said organism; 

c) developing said embryo up to the stage of a 
fertile adult organism; 

d) crossing said fertile adult organism with a 
transgenic organism in which at least one of the 

10 . cells, expresses said fusion protein and obtaining 

the progeny derived from said crossing; and 

e) optionally, selecting, among said progeny, said 
metazoan organism. 

A second method of preparation consists in the 
15 steps of: 

a) obtaining a somatic cell modified by insertion of 

protein into said DNA sequence (s) of interest, 
located in one or more chromosomes, by homologous 
2 0 recombination; 

b) transferring the nucleus of said modified somatic 
cell into the cytoplasm of an enucleated recipient 
oocyte; 

c) developing the embryo obtained in step b) up to 
the stage of a fertile adult organism; 

1) crossing said fertile adult organism with a 
transgenic organism in which at least one of the 
cells expresses said fusion protein and obtaining 
the progeny derived from said crossing; and 



25 
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e) optionally, selecting, among said progeny, said 
metazoan organism. 

The expression transfer of the nucleus or 
nuclear transfer, for the purposes of the present 
5 invention, is understood to mean the transfer of 
nucleus of a vertebrate live donor cell, of an adult 
organism or at the fetal stage, into the cytoplasm of 
an enucleated recipient cell of the same species or of 
a different species. The transferred nucleus is 
10 . reprogrammed to direct the. development of the cloned 
embryos which may then be transferred into carrier 
females to produce the fetuses and the neonates, or 
used to produce cells of the internal cellular mass in 
culture. Various nuclear cloning techniques are capable 
15 of being used; among these, there may be mentioned 
those which have been the subject of patent 
applications WO 95 17500, WO 97 07Sflft. wn cn m 6 -n 
WO 98 30683, WO 99 01163, WO 99 37143. 

A third method of preparation consists in the 
20 steps of: 

a) obtaining an embyronic atem (ES) cell modified by 
insertion of site(s) of recognition for said 
recombinase protein into said DNA sequence (s) of 
interest, located in one or more chromosomes, by 

25 homologous recombination; 

b) introducing said modified embryonic stem cell into 
an embryo of said organism; 

c) developing said embryo; and 
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d) introducing said fusion protein into at least one 

ceil of said embryo or of the organism obtained 

from the development of said embryo. 

A fourth method of preparation consists in the 
5 steps of; 

a) obtaining a somatic cell modified by insertion of 
site(s) of recognition for said recombinase 
protein into said DNA sequence (s) of interest, 
located xn one or more chromosomes, by homologous 

10 , recombination; 

b) transferring the nucleus of said modified somatic 
cell into the cytoplasm of an enucleated recipient 
oocyte; 

c) developing said embryo; and 

15 d) introducing said fusion protein into at least one 
cell of said embryo or of said organism obtained 
from the d-^vpl ooppni - ^ f-~ c-=, w 

The insertion of the sites of recognition 
specific for the recombinase proLein, in particular of 
the loxP site(s) for the Cre recombinase, into the DNA 
sequence of interest is preferably carried out by 
homologous recombination of the gene comprising said 
DNA fragment to be excised or inverted (two loxP sites) 
or respectively inserted or translocated (one loxP 
25 site) with a said modified gene comprising said DNA 
fragment to be excised flanked in 5' and/or 3' by said 
recombinase recognition site(s) according to the 
desired application, in particular the loxP sites. 

To do this, the modified DNA fragment of 
interest may be integrated by homologous recombination 



30 
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into the genome of the cells of said organism before, 
at the same time, or after the step of introducing the 
fusion protein or of a transfer vector, or of a vector 
for expressing the fusion protein. Preferably, the DNA 
5 fragment of interest is introduced into pluripotent 
embryonic cells (ES cells) by the appropriate 
technique, such a 5 for example electroporation, or the 
use of retroviral vectors, calcium phosphate 
precipitation, lipofection, 

10 The. DNA constructs . intended for homologous 

recombination will comprise at least a portion of the 
DNA sequence of interest, in particular of the gene or 
of the intergenic sequence of interest into which will 
be introduced the desired genetic modification ( s) , such 

15 as the introduction of at least on e recombinase 
recognition site, and which will include regions of 
homology with the taraet 1r^,, 0 , 4 . ., 

_,> —^.^ ■ luj. iak,inLaLBQ U5e, 

positive and/or negative selectable markers (for 
example the neo gene conferring resistance to the 

20 antibiotic G418) may be introduced. The selectable 
marker used to make it possible to identify the 
homologous recombination events may be disruptive, and 
may be eliminated, if necessary, if it i s itself 
flanked by recombinase recognition sites such as the 

25 loxP (or FRT) sites. This makes it possible to obtain 
mice in which the sole modification at the level of the 
modified locus is the insertion of recognition sites 
such as loxP. 

The metazoan organisms obtained by the methods 
30 of preparation presented above can then be treated with 
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a synthetic ligand endowed with antiestrogenic activity 
such as Tam and OHT. in the various methods and uses of 
the invention, the bringing of sa i d cells of said 
organism into contact with said synthetic ligand is 
5 carried out by administration by the oral or topical 
route, or by injection and in particular, . by 
intravenous, intramuscular, intraspinal, intracerebral, 
intraperitoneal injection. In the case of an embryo, a 
fetus or a neonate before weaning, the treatment with 
10 the synthetic ligand may .be carried out by 
administration to the mother. When this involves cells 
in culture derived from said organism, said synthetic 
ligand is preferably added to the culture medium, or 
injected into said cell. This treatment or this 
15 bringing into contact makes it possible to inactivate 
or to modify a gene or an intergenic sequence of 
interest at a determined moment (temporal r.nnf m n s„ 
given tissue (spatial control), and thus to make it 
possible to study the function of this gene or of this 
20 sequence at various periods during development or post- 
natally. This is particularly advantageous for studying 
at the adult stage genes which are essential for the 
normal progress of embryonic development and whose 
inactivation is lethal in U £ero or perinatally. 
25 Another object of the present invention is 

therefore to provide * method of conditional 
recombination, m particular excision, insertion, 
inversion, translocation, at the level of the DMA 
sequence of interest into which there is (are) inserted 
30 one or more sites of recognition for said recombinase 
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protein, said DNA sequence of interest being located in 
one or more of the chromosomes of said genome of said 
cell of said organism according to the invention, 
characterized in that it comprises the steps of: 
5 (i) bringing at least one cell of said organism into 
contact with a synthetic ligand endowed with 
antiestrogenic activity; 
(ii) inducing the activity of the recombinase of said 
fusion protein by said synthetic ligand endowed 
10 . with antiestrogenic activity. 

The present invention therefore provides a 
method of conditional deletion of a DNA fragment in 
which a method of excision according to the invention 
is used and in which said DNA fragment (a) to be excised 
15 is (are) flanked by two recombinase protein recognition 
sites oriented as a direct repeat. In particular, said 
DNA fragment may be chosen such that the excision of 
said DNA fragment has the effect of inactivating said 
gene . 

20 The Present invention also provides a method of 

obtaining a metazoan organism, with the exception of 
humans, in which at least one cell possesses an allele 
of a gene of interest inactivated by a method of 
conditional deletion and in which the other allele of 

25 said gene of interest possesses a mutation, said method 
being characterized in that it comprises the steps of: 
a) obtaining a metazoan organism in which at least 
one cell of the germ line comprises said mutation 
in one of the alleles of said gene of interest; 
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crossing said organism obtained in step a ) with an 
organism according to the invention; 
c> selecting a progeny whose genome comprises a gene 
of interest in which one of the alleles posses**, 
5 a mutation and the other allele possesses at least 

two recombinase protein rprnnnin^ _ < . 

& ^ciu recognition sites oriented 

as a direct repeat; and 

d) using the method of conditional deletion, 
according to the invention, of the dna fragment of 

0. said allele of said. gene of interest which is 

flanked by at least two recombinase protein 
recognition sites oriented as a direct repeat; and 

e) obtaining said metazoan organism in which the 
genome of at least one cell comprises said gene of 

5 interest in which one allele is inactivated, t h e 

other allele po Ssesses a SO matic, preferably 
limited, mutation and preferably in exon and/or 
regulatory sequences. 

Such a method makes it possible to study and 
0 analyze the biological function of mutations other than 
deletions, and more particularly of the mutations 
observed in genes whose dysfunction causes a recessive 
genetic pathological condition. This method is 
therefore particularly suited to the obtaining of 
transgenic animal models of recessively transmitted 
human genetic pathological conditions, th e animal model 
being preferably a murine model. 

The mutations are preferably point or limited 
mutations in exons or regulatory sequences such as 
insertions, deletions, substitutions. 
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According to a preferred embodiment of the 
method of recombination, and of the method q£ 
conditional deletion or of the method of obtaining a 
metazoan organism according to the invention, the 
5 recombinase protexn specific recognition sites are loxP 
sites and said recombinase protein is the Cre protein 
of the bacteriophage Pi, or on, of its variants. 

The organisms capable of being obtained using 
the various methods above are also included in the 
10 .scope of the invention. These organise are preferably 
animals, and in a preferred manner rodents such as rats 
and mice, preferably mice. 

Preferably, the subject of the invention ± 9 a 
transgenic mouse K5-Cr e - ER VRXR«»'« whose RXR tt gene may 
15 b, selectively inactivated in the basal keratinocytes 
of the epidermis using a conditional deletion method 
following treatment with a synthetic n « a « d — Q ^ 
with antiestrogenic activity, causing in said mouse 
alopecia and/or hyperprolif eration of the basal 
20 keratinocytes and/or an inflammatory reaction of the 
skin . 

Preferably, the subject of the invention is a 
transgenic mouse KS-Cre-ER^/RXR."'" whose RXR^ gene may 
be selectively inactivated in the basal keratinocytes 
25 of the epidermis using a conditional deletion method 
following treatment with a synthetic ligand endowed 
with antiestrogenic activity, causing in said mouse 
alopecia and/or hyperprolif eration of the keratinocytes 
*nd/or an inflammatory reaction of the skin. 
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Preferably, the sublet of the inventlon is 
transgenic mouse ks-cm-er'Vrxr."'" „ hose „.„ 

* rr inactlrated ln the basa ; - =: 

with * synthetic Ugand endowed 

With antiestrogenic activity, causing ln said moQse 
lopecia and,or hyperproliferation of tha ™" 
keratinocytes and/or an infl.™,..- 

slcln . inflammatory reaction of the 

Preferably. the object of the invention is . 
transgenic mouse KK-cre-SKVRXK-" uhose ^ gene 
b. selectively inactivated in the basal fceratinocytes 

» w U TZ T"" ent 3 -dowed 

with antiestrogenic activity, causlng in said mo 

alopecia and,or .^proliferation of the .eratinocytes 
and/or an inflammatory reaction of the skin 

Preferably, the aubi ect of the invention is . 
transgenic mouse K14-C„- ER " /R XR whose ^ gene 

LLti„: ;° laCti ^ 1» the basal 

k era tlnoC yte s of the epidermis using a conditional 
deletion method folding treatment with . 5ynthe ti = 
i S and endowed with antiestrogenic activity, causing in 
said mouse alopecia and/or hyperprolif eration of the 
« .eratinocytas and/or an inflatory reaction of Z 
akin. 

Preferably, the subject of the invention i s a 

transgenic rnouse K14-Cre-ER T3 /RXR a LZ/LZ whose ^ gene 

^ay be selectively inactiva-oH 
oa , J-iiaccivaued m the basal 

30 keratinocytes of th* 

of the ep lderinis using a condUional 
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deletion method following treatment with a S ynthetic 
ligand endowed with antiestrogenic activity, causing in 
said mouse alopecia and/or hyperprolif erat ion of the 
*eratinocyte S and/or an inflammatory reaction of the 
5 skin. ne 

Preferably, the subject of the invention is a 
transgenic mouse aAr-Cre^RVRXR whose rxr* gen e 
-y be selectively inactivated in the hepatoses using 
a conditional deletion method following treatment with 
10 a synthetic, ligand endowed with androgenic 
activity, causing in Said mouse in particular 
alteration of the proliferation of the hepatocytes. 

Preferably, the subject of the invention is a 
transgenic mouse oM-Cre-ER'VRXR."'" whose RXR, gene 
15 may be selectively inactiv ated ln the hepatocytes using 
a conditional deletion method following treatment with 
a synthetic ligand endowed with antiestrogenic 
activity, causing in said mou3e . r particuUr 
alteration of the proliferation of the hepatocytes 
20 Preferably, the subject or the invention is a 

transgenic mouse aAT-Cr e -ER T3 /RXR a '^ whose ^ gene 
may he selectively inactivated in the hepatocytes using 
a conditional deletion method following treatment with 
a synthetic ii gand endowed wifch antiestrogen . c 
activity, causing in said mousG in particular 
alteration of the proliferation of the hepatocytes. 

Preferably, the subject of the invention is a 
transgenic mouse aP2-Cre-ERVRXR."'« whose RXR. gene may 
be selectively inactivated in the adipocytes using a 
conditional deletion method following treatment with a 
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synthetic ligand endowed with antiestrogenic activity 
causing in said mouse alteration of the metabolism or 
the l lp ids in the adipocytes and/or diabetes. 

Preferably, the subject of the invention is a 
5 transgenic mouse aP2-Cre-ER«/RXR a u '" whose RXR a gene 
may be selectively inactivated in the adipocytes using 
a conditional deletion method following treatment with 
a synthetic l igand endowed with antiestrogenic 
activity, causing in said mouse alteration of the 
10 metabolism- - of the lipid3 .. in th . adipocyteg 
diabetes . 

Preferably, the subject of the invention is a 
transgenic mouse aP2-Cre-ER™/RXR. u ^ whose RXR* gene 
may be selectively inactivated in the adipocytes using 
a conditional deletion method following treatment with 
a synthetic ligand endowed with antiestrogenic 
activity, causing in said mouse alteration of the 

metabolism of the lir>id^ in 4-v,» 

lipids m the adipocytes and/or 



diabetes 

20 



Preferably, sai d RXR,, gene of aaid mQUSe ig 
inactivated using a method according to the invention. 

The present invention and in particular the 
metazoan organism and the cells derived therefrom are 
particularly use ful for an*l y2ing and studying the 
25 biological function of a DNA sequence of interest, 
whether it is a gene or an intergenic sequence in its 
natural chromatin environment. That is the reason why 
it is also within the scope of the present invention to 
Provide a method of analyzing or studying the 
30 biological function of a DNA sequence of interest, in 
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particular of a aene nr an <vs+. 

gene or an lfttergemc sequence, 

characterized in that it comprises the steps of: 
ID bringing an organism according to the invention 

or cells isolated from said organism into 
contact with a synthetic ligand endowed with 
antiestrogenic activity; 
(ii) optionally inducing the expression of said 

fusion protein; 
(Hi) revealing the recombination event catalyzed by 
the. recombinase activity of sa id fusion 
protein; 

Civ) biochemical and/or physiological and/or 
Phenotypic and/or behavioral study or analysis 
of said cell or of said organism. 
The phenotypic and behavioral analyses of the 
organism according to the invention before or after 
induction of the somatic recombination „ a „< ^ . . 

using techniques known to persons skilled in the art. 

The subject of the present invention i s also 
the use of an organic according to the invention or of 
cells derived from said organic for carrying out a 
spatiotemporally controlled Site-specific recombination 
of said DNA sequence of interest in its natural 
chromatin environment, with an efficiency of at least 
» 85%, 90%, 92%, 94%, 95%, 96*, 97., 98%, 99% , 100% , in 
the presence of synthetic ligand in the cells of said 
organism expressing said fusion protein and with an 
efficiency at least less than 5%, 4%, 3%, 2 %, 1%, 0.5%, 
0.1%, 0.01%, or zero in the absence of synthetic ligand 



20 
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or in the presence of a natural ligand in the cells of 
said organism expressing said fusion protein. 

According t0 a preferred mode/ ^ 
recombination is carried out in the epidermis , ^ ^ 
5 precisely in keratinocytes, in the adipocytes, in the 
malanocytes or in the hepatocytcs. 

The subject of the present invention is a i so 
its method of screening compounds capable of being used 
as a medicament f or the preventive and/or curative 
10 treatment -of ..pathological ..conditions associated with 
alteration of the expression (in the case, m 
particular, of an intergenic DNA sequence) and/or of 
the function (in the case of a gQne ^ sequence) Qf 

said DNA sequence of interest, characterized in that it 
15 comprises the step of administering said compound to an 
organism according to the invention. 

This organism may thus be used for the 
screening of compounds capable of constituting Tn 
active ingredient of a medicament intended for the 
20 treatment of pathological conditions associated with 
alteration of the expression- and/or of t h e f unction of 
said DNA sequence of interest. 

Thus, the object of the present invention ia to 
provide a method of screening compounds capable of 
25 bemg used as a medicament for the preventive and/or 
curative treatment of alopecia and/or of 
hyperproliferation of the keratinocytes and/or of 
inflammatory reactions of the skin, characterized in 
that it comprises the step of administering said 
30 compound to a mouse according to the invention. 
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The object of the present invention is also to 
provide a method of screening compounds capable of 
being used as a medicament for promoting, in 
particular, hepatic regeneration, characterized in that 
it comprises the step of administering said compound to 
a mouse according to the invention. 

The object of the present invention is also to 
provide a method of screening compounds capable of 
being used as a medicament for the preventive and/or 
curative treatment of diabetes and/or for the treatment 
of the alteration of the metabolism of lipids, in 
particular of obesity, characterized in that it 
comprises the step of administering said compound to a 
mouse according to the invention. 

The object of the present invention is also to 
provide a method of screening compound capable of being 

used as a medicament for t-h» nmrmnf i,r= -.^-i/^y. 

treatment of skin cancers, more specifically papillomas 
and melanomas at various stages of development, 
characterized in that it comprises the step of 
administering said compound to a mouse according to the 
invention. 

Other characteristics and advantages of the 
present invention will emerge in the light of the 
25 examples which follow. 

Figure 1: Inactivation of the RXRtx gene in the 
epidermis of adult mice mediated by Cre-ER 1 and 
Cre-ER T2 , and induced by Tamoxifen. 

30 
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Figure 1A: Schematic representation of the wild-type 
genomic locus of RXR a < + , , of the fl 0 x e d L2 RXR a allele, 
of the L" RXRa allele obtained after Cre-m e diated 
excision of exon 4 (encoding the DNA-binding domain), 
5 and of the RXR a (-)null allele (Kastner et a J . , 1994). 
The black boxes indicate the exons (E2 - E4) . The 
enzymatic restriction sites and the position of the 
probe X4 are indicated. The sizes of the BamHI 
fragments are indicated in kilobases (kb) : BamHI; c, 
s 10 ClaI; E ' EcoRI H ' Hindlll; s/ Spel; X, Xbal . The arrow 

5 tips in the L2 and L " alleles indicate the Lox P sites. 

LU Figure IB: The obtaining of RXR a L ~ alleles mediated by 

H K5-Cre-ER T induced by Tamoxifen is illustrated by 

2 15 Southern blot analysis of the DMA isolated from the 

^ epidermis, six weeks (lanes 1 to 3) or twelve weeks 

n (laneS 4 to 6) after first injection of Tamoxifen 

=« (1 mg) (AFT : • after first Tamoxifen treatment"). The 

genotype of the mice is as indicated, and the fragments 
= ; 20 digested with BamHI corresponding to the RXR„(+), L2 , 

L", (-) alleles are described. 

Figure 1C: Tissue selectivity of the inactivation of 
RXRa mediated by Cre-ER T . The wild-type alleles ( + ) , L2, 
25 it are identified by PCR from DNA extracted from 
varies KS-Cre-ER'^VwcR."'* mouse organs, twelve 
weeks after the first Tamoxifen treatment. 
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Figure ID: The obtaining of IT RXR a alleles mediated by 
Kl4-Cre-ER' r2 induced by Tamoxifen in the epidermis of 
adult mice is illustrated by PCR analysis of the 
genomic DNA extract from the epidermis (E) and from the 
dermis (D) isolated two weeks after the first injection 
of Tamoxifen (0.1 mg) (+) or of the vehicle (oil) (-) -. 
The genotype of the mice is indicated and the PCR 
fragments corresponding to the RXR c (-i-), L2 and L- 
alleles are indicated. 

Figure 2: Abnormalities generated by the inactivation 
of RXRa. mediated by K5-Cre-ER T and K14-cre-ER T2 induced 
by Tamoxifen, in the skin of adult mice. 

15 Figure 2A: Ventral view of a 'mutant" (mt) female mouse 
K5-Cre-ER T( ^°VRXR a ^- (on the left) and of a 'control" 
(ct) female mouse K5-Cre-ER T '^' 0 '/RXR 0l LZ ' + (on the right), 
sixteen weeks after the first Tamoxifen injection (1 mg 
of Tamoxifen/ injection) . 
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Figure 2B: Dorsal view of the same animals, 



Figure 2C: Magnification of the ventral region of the 
"mutant" (mt) female mouse K5-Cr e -ER Tltg/0) /RXR a LS:/ "", with 
25 the arrow indicating one of the cysts visible under the 
surface of the skin. 



Figure 2D: Dorsal view of the "mutant" (mt) female 
mouse K5-Cre-ER T <^o, /RXRc Lz/- f twenty-eight weeks after 
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the start of Tamoxifen treatment. The arrow indicates a 
minor skin lesion. 

Figures 2E-H: Histological analysis. Histological 
5 sections 2 um thick of the ventral skin of "control" 
(E and G) and "mutant" (F and H) mice, sixteen weeks 
after the start of the treatment. Hair follicles (hf ) , 
utriculi (v!) and dermal cysts (dc) are indicated. The 
arrow tips in (H) indicate the Langerhan'a cells, whose 
10 ..number is. increased several -fold in the epidermis of 
the mutant mice. Increased cellularity can be noted in 
(P) and in (H) in the dermis under the 
hyperproliferated interfollicular epidermis. Scale (in 
E> E and F = 60 |im; G and H = 12 urn. 

15 

Figures 21, J: immunohistochemistry of keratin 6 (K6) 
on sections of skin of 'control" mice (1) and of 
'mutant" mice (J), sixteen weeks after the first 
Tamoxifen treatment. The red color corresponds to the 

20 labeling with the antibody directed against K6, and the 
Cyan color corresponds to staining with DAPI . K6 is 
normally expressed in the outer root sheath of the hair 
follicle (hf) but not in the epidermis (I) and is 
abnormally expressed in the hyperprolif erative 

25 epidermis of "mutant" mice (J). Scale (in I) 1=25 \m. 
The arrows in E to J indicate the dermis-epidermis 
junction. 

Figures 2K, L: Appearance of the skin of a mutant 
30 female mouse K14-Cre-ER^'^ u VRXR a L2/ " . (K) magnification 
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on the ventral region, sixteen weeks after the start of 
Tamoxifen treatment (0.1 mg per injection)/ the white 
arrow indicates a cyst and the black arrow indicates a 
utriculus containing melanosomes . (L) dorsal view of 
5 the same mutant. The arrow indicates one of the skin 
lesions associated with a hairless region. 

Figure 3: Similarities and differences between the skin 
abnormalities present in a double "mutant" mouse 
/rxr„ /RXRp *. induced with Tamoxifen and 
a "null" VDR mouse. 



15 



Figures 3a, e: KS-Cre-ER^^VRXR^VRXRp- mouse 
eighteen weeks after the first treatment with Tamoxifen 
(1 mg of Tamoxifen per injection) (A) and fourteen-week 
old VDR-'- mouse (E) . The arrows i n (A , indicate the 
^»-ns. V B, v.; ana it', tij : histological analysis 
of 2 urn thick sections of dorsal skin of the animals 
presented in (A) and (E) respectively, scale (in G) ; 
20 B and. F = 60 um; c and G = 12 jam. 



Figures 3D, H; Immunohistochemistry of. keratin 6 (K6) 
on mouse skin sections removed from the animals 
presented in (A) and (E) respectively, it should be 
25 noted that K6 is expressed in the utriculus, but not in 
the epidermis of the skin of the VDR" /- mice, whereas K6 
is expressed in the entire hyperprolif erative epidermis 
of the * double mutant" mice RXR„/RXR P (D) . Utriculus 
(U) , dermal cyst <dc) . The arrows in (B-H) indicate the 
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dermis-epidermis junction. Scale (in H) : D and H = 
25 jjto. 

Figure 4: Selected targeted inactivation of the SNF2p 
5 gen© in the epidermis of adult mice. 

Figure 4A: Schematic representation of the wild-type 
SNF23 alleles <+) , L3, L2+ and L- . 

The size of the DNA segments revealed by the 5' 
10 probe, after enzymatic digestion of the genomic DNA by 
C BamHI is i^icated. The L3 allele in the ES cells was 

J obtained by homologous recombination using a strategy 

| similar to that described for the F9 cells in 

ly Sumi-Chinose et al . , 1997. 

w 15 

iVs Figure 4B 

~ n Eight-week old K14-Cre-ER T2,tg/0> /SNF2p L2/L2 and 

C 6 *** / SNF2p were treated with Tamoxifen 

(Tarn) for five days at the rate of 0.1 mg/day or with 
oil (-} . Tail biopsxs were taken, the dermis and the 
epidermis separated, the genomic DNA prepared, digested 
with BamHI, separated by agarose gel electrophoresis, 
and transferred onto nylon membranes, which were 
hybridized with the radiolabeled 5' pro be. 
25 Autoradiographs are presented. 
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Figure 5r Selective targeted inactivation of the rxr* 
gene in the adipocytes . 

Transgenic aP2-Cre-ER T ^ { ^ /0] mice expressing 
Cre-ER r2 under the control of the murine aP2 promoter, 
5 which is selectively active in the adipocytes (Ross et 
al. r 1990), were crossed with RXR a L2/+ mice so as to 
produce aP2-Cre-ER T2{Cy/0) /RXR a L2/t ' ;: mice. 

These mice were then crossed with RXR* +/ ~" mice 
(Kastner et al . r 1994) so as to produce 
10 aP2-Cre-ER T2{t ^ 0) /RXRa L2/ - mice. Such four week old mice, 
were treated (+) or not (-) with Tamoxifen (1 mg/day) 
for five days, and the adipose tissue collected one 
month after the last injection of Tamoxifen. The DNA 
was extracted from the adipose tissue, or after 
15 separation of the adipocytes (80% purified adipocytes) 
from the connective tissue and blood vessels 
(nonadipocytes) « After digestion with BamHI, the 
alleles of RXR« were analyzed by Southern blotting. An 
autoradiogram is presented. No excision is observed in 
20 the purified adipocytes or the adipose tissue of mice 
not treated with Tamoxifen (Tam) , On the other hand, in 
the adipose tissue and the adipocytes of mice treated 
with Tamoxifen, excision is observed which is 
characterized by the appearance of a band at 9,5 kb 
25 corresponding to the IT allele. 

Figure 6: Phenotypic analysis of mice after conditional 
somatic mutagenesis of RXR^ in the adipocytes- 
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The weight of the control mice 
aP2-Cre-ER I2t « /0, RXR a L2 '* < C T) and aP2-Cre-ER T2|t * /0 >/R X R u " / - 
(mutants; KO) was determined once per week. (A) each 
group of animals was composed of 10 to 15 males. The 
5 animals were fed either with Che normal food (AN) or 
food enriched with fat and with glucose (AR) . (B) The 
weight of the subcutaneous adipose tissue of 6-month 
old CT and KO mice, fed with AN or AR. (C) 10 um 
cryosections of subcutaneous adipose tissue of 6-month 

10 old CT (a- and c) and KO (b'and d) mice, fed with An 
(a and b) or AR ( c and d) . Scale; 160 um. The levels of 
triglycerides (D) , glucose (E) and insulin (F) were 
determined on the serum of 4- to 5-month old CT and KO 
animals, fed with AN or AR. The glucose assay was 

15 carried out after starving the animals for 12 hours, 
~p < 0 . 05 . 

Figure 7: Selective targeted inactivatiqn of the RXR„ 
gene in the murine hepatocytes. 

20 To invalidate the RXR« gene selectively in the 

hepatocytes, CtAT-Cre— ER T tt3/0) mice which express Cr e -ER T 
under the control of the promoter of the 
a-l-antitrypsin (oAT) gene in about 50% of the 
hepatocytes (Imai et al . , 2000) were crossed with 

25 RXRct L2/L,!: mice so as to produce aAT-Cre-ER T(tg/cl /RXR D[ LZ/L2 
mice, such three month old mice were treated with 
Tamoxifen (1 mg/day) for five days, and the heart and 
liver removed seven days after the first injection of 
Tamoxifen (day 7), from one and three animals 
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respectively. The heart and the liver were also removed 
from one and three animals respectively of the same 
genotype without treatment with Tamoxifen [Day 0) . The 
DNA was extracted from these tissues, and after 
5 digestion with BamHI, the alleles of RXR tt were analyzed 
by Southern blotting. An autoradiogram is presented. No 
excision is observed in the heart at day 0 or 7, or in 
the liver at day 0. Conversely, excision is observed in 
the liver of mice seven. days after the treatment with 
10 . Tamoxifen; this excision-, is materialized by the 
appearance of a band at 8.5 kb on the autoradiogram, 
corresponding to the L" allele. 

Figure 6: Site-specific recombination of rxr« in the 
15 liver. 

The excision of DNA segments mediated by 
Cre-ER T was determined by "Southern blotting", carried 
out with DNA extract from the heart and the liver of 
£ aAr-Cre-ER' r < t «'°'/RXR« L2/L2 mice, removed from various 

2 20 a ni ^als before the injections of tamoxifen (day 0) or 

7, 30 or 90 days after the last injection of Tamoxifen. 

Lanes 15-17 correspond to the DNA isolated from 
the livers of animals 7 days after partial hepatectomy 
(HP), carried out after the injection of Tamoxifen. The 
25 position of the RXR«L2 and L- alleles is indicated. 

Figure 9: Expression of the Cre-ER TZ and Cre-ER Ta 
recombinaeee in the basal layer of the epidermis. 

Immunohistochemistry of the chimeric Cre 
3 0 recombinase on sections of the epidermis of K5-Cre-ER T2 
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and K5-Cre-ER r3 mice, treated either with 1 mg or 0 . 1 mg 
of OHT (4-hydroxyTamoxifen) . The red color corresponds 
to labeling with the anti-Cre antibody directed against 
the Cre recombinase protein, and the Cyan color 
corresponds to DAPI staining . the cellular nuclei. 
Cre-ER T2 and Cre-ER" are located in the cellular nuclei 
of the basal layer. (it should be noted that the 
superpositon of the red and cyan colors results in a 
violet coloration) . 

Figure 10: Nuclear translocation of Cre-ER T£ and 
Cre-ER" following a two-day treatment at various OHT 
doses . 

Immunohistochemistry of the chimeric Cre 

15 recombinase on sections of the epidermis of K5-Cre-ER T2 

and K5-Cre-ER" mice treated either with 0.1 mg, 0.01 mg 

or 0.001 mg of - OHT and anal"'-^^ +■<.»" ^n"- 't, ^ 

j - ~ ^> wr,^ v^.a.^o \u £_ ) alter 

the start of the treatment (DO). The red color 

corresponds to labeling with the anti-Cre antibody 

directed against the Cre protein, and the Cyan color 

corresponds to DAPI. Cre-ER^ and Cre-ER T3 are located 

in the cellular nuclei of the basal layer. Cre-ER T3 is 

present in a larger fraction thereof than Cre-ER T2 , at 

the various OHT doses. At the dose of 0.001 mg, about 

25 1/3 of the nuclei are strongly labeled with anti-Cre 

antibodies in the basal layer of the epidermis of 

K5-Cre-ER T3 mice, whereas no positive nucleus is 

observed in the skin of K5-Cre-ER TZ mice, (it should be 

noted that this superposition of the red and cyan 

30 colors results in a violet coloration) . 
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Figure 11: Comparison of the expression of 
{3-galactosidase in the epidermis of the tail of 
KS-Cre-ER^'^VRosa"'* and KB-Cre-ER^^/Roea* 1 '* 
5 induced by various OHT doses. 

Activity of |3-galactosidase on sections of the 
epidermis of the tail of K5-Cre-ER T2< * g/0, /Rosa fl/ ' and 
K5-Cre-ER" ( **'°>/Rosa fl/ + mice treated with 1 mg, 0.1 mg, 
0.01 mg and 0.001 mg of QHT . The analyses are carried 
10 - out on the fifteenth day "after the start of the 
treatment (DO) . 

The excision levels induced by 1 and 0.1 mg of 
OHT are similar for the two lines; on the other hand, 
the excision is more efficient in the K5-Cre-ER T3 than 
15 in the K5-Cre-ER TZ mice at the doses of 0.01 and 
0.001 mg of OHT. 

Figure 12 : Rate of papilloma formation in RXRa ep_/ "' 
mice . 

20 A. Timing of Tam-induced RXRa ablation in epidermal 
keratinocytes, and DMBA/TPA tumorigenesis . Tam- 
treatment (0.1 mg for 5 consecutive days) was performed 
either 16 days before (bar a) or 7 weeks after (bar b) 
topical DMBA application. TPA was topically applied 

25 twice a week (arrows) for up to 30 weeks. B. Papillomas 
in DMBA/TPA-treated RXRa ep_/ " mice. The number of 
papillomas induced by the DMBA/TPA treatment was 
determined macroscopically in 5 CT and 6 RXRa ep_/ ~ mice, 
and plotted versus the number of weeks after the start 
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of the carcinogenic treatment. Values are expressed as 
mean + /- SEM . c. Dorsal view of CT (Kl4-Cre- 
ER M(0/0, /RXRa L2/L2 J (left) and RXRct ep/ ~ (right) mice 2 5 
weeks after the start of the DMBA/TPA treatment, D. 
5 Length distribution of papillomas in CT and RXRa ap_/ ~ 
mice. The number of tumors of a given length was 
determined on 6 CT and 6 RXRa ep_// ~ mice, 30 weeks after 
the start of the DMBA/TPA treatment. Values are 
expressed as mean + /- SEM. 

10 

O Figure 13 : Histological analysis of skin tumors 

;J induced by DMRA/TPA treatment. 

U1 A - Representative hematoxylin and eosin stained 5 nm- 

p, thick paraffin sections from CT biopsies taken 25 (a - 

|y 15 b ) ^ n d 30 (c) weeks after the start of the DMBA/TPA 

treatment, B. Representative hematoxylin and eosin 
stained 5 pm-thick paraffin sections from RXRa ep " /_ 
biopsies taken 25 (a-c) and 30 (d-i) weeks after the 
start of the DMBA/TPA treatment. (a), atypical 
20 hyperplasia ; (b) , in situ carcinoma ; (c) , focal 
carcinoma; (d) , (e), (f) and <g) , advanced grade I, II, 
III and IV SCC, respectively ; (h) , spindle cell 
carcinoma ; (i) , basal cell carcinoma. Scale bar 33jam. 
C. Table of histological analysis of paraffin sections 
25 (5 jam-thick) of biopsies of 8-16 mm tumors from CT and 
RXRa e P"/" mice, 25 and 30 weeks after the start of the 
DMBA/TPA treatment. 
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Figure 14 : Melanocyte, c growths induced by dmba 
treatment of CT and RXRa 0p " / " mice. 

A. Dorsal view of CT (K14-Cre-ER T2 (0/0) /RXRoc L2/L2 ) (i eft ) 
and RXRa^" (right) mice 25 weeks after DMBA 
5 treatment. Arrows point to some of the melanocyte 
growths. B. Number of melanocytic growths in skin of CT 
and RXRa ep_/ ~ mice 3 0 weeks after DMBA and DMBA/TPA 
treatments, as indicated. Values are expressed as mean 
+ /- SEM (n = 6). *, p < 0.05; ***, p < 0.001. C. Size 
10 distribution of melanocytic growths in CT and RXRct ep-/ - 
iruce. The number of 1 - 2 and 2 - 4 mm melanocytic 
growths was determined on CT and 

RXRa ep /_ mice, 30 weeks after DMBA and DMBA/TPA 
treatments, as indicated. Values are expressed as mean 
15 + /- SEM (n = 6} . 

Figure 15 ; Malignant melanomas in lymph nodes of DMBA- 
treated KXRa ep ~ / ~ mice. 

Photograph of subiliac lymph nodes from CT (a and e) 
20 and RXRcc ep ' /_ (b and f) mice taken 30 weeks after DMBA 
and DMBA/TPA treatment, respectively. Hematoxylin and 
eosin stained 5 um paraffin sections of CT (c and g) 
and RXRa (d and h) mice after DMBA and DMBA/TPA 

treatments, respectively. Scale bar, 33 |um. 
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EXAMPLES 



1) MATERIALS AND METHODS 
5 i- 1 - Transgenic lines 

The mouse lines RXR^ 7 ", vdr-'" and K5-Cre-ER r 
have been previously described in Yoshizawa et al. 
(1997), Kastner et al . (1994) and Indra et al. (1999). 
10 The- transgene K14-Cr-e-ER T2 was constructed by 

replacing the K5 promoter region of the vector 
pK5-Cre-ER T2 (Indra et al., 1999) with the Sail DNA 
fragment of the promoter/enhancer region of 2 kb of the 
K14 human keratin gene, isolated from Phr2 (gift from 
15 S. Werner). The transgenic mice were generated' in 
accordance with the article by indra et al . (1999). 

The transgene aP2-Cre-ER T2 was constructed as 
follows: a 5.4 kb fragment containing the aP2 promoter 
was amplified by PCR from mouse genomic DNA with the 
aid of the LA-PCR kit (Perkin-Elmer, New Jersey), with 
the oligonucleotides 

5' -ATACGCGGCCGCGAATTCCAGCAGGAATCAGGTAGCT-3 ' (Sequence 
ID No. 13) and 

5' - ATAG CGCCGGCGCTG C AGCACAGGAGGG T G C TAT GAG ~ 3 ' (Sequence 
ID No. 14) . After having made the ends of this fragment 
blunt following the action of T4 polymeraze, it was 
cloned at the level of the Sail site of pGS-Cre-ER TZ 
(Indra et al , , 1999), whose ends have also been made 
blunt following the action of T4 polymerase. The 8.3 kb 
Notl fragment was isolated from this plasmid, purified 



30 
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and injected into the Fl zygotes (C57BL/6 x SJL) at the 
concentration of 4 ng/ml, and the mice carrying the 
transgene aP2-Cre-ER T2 were identified according to Feil 
et al . , (1996) and Imai et al . , (2000). 

5 

1.2 - Genotyping of the RXRa alleles 

The genomic DNA is isolated from tissues 
according to the protocol described in the article by 
Indra et al. (1999) . 

10 The • epidermis is separated from the dermis 

after treating the skin of the tail with the enzyme 
(1 dispose (4 mg/ml in PBS, GIBCO-BRL) for 1 to 2 hours at 

^ room temperature. The genotyping of the RXR a cells is 

6 carried out by PCR (polymerase chain reaction) using 

15 the primers ZO 243 (5'-TCC TTC ACC AAg CAC ATC TG-3' ) 
(SEQ ID No. 9) (located in exon 3) and zo 244 
(5--TGC AGC CCT CAC AAC TGT AT-3' ) (SEQ ID No. 10) 
(located in exon 4) for the L2 and wild-type ( + ) 
alleles/ these amp.1 if ication reactions generate, for 
20 the L2 allele, a fragment of 700 bp and for the wild- 
type ( + ) allele a fragment of 650 bp. 

The primers ZO 2 43 and UD 196 

(5'-CAA CCT GCA CTT GTC ACT TAG-3 ' ) (SEQ ID No. 11) 
(located in the intron between exons 4 and 5) were used 
25 in the polymerase chain reaction to reveal the IT 
allele; this amplification reaction generates a 
fragment of 400 bp. 

The primers ZO 243 and Ru 170 

(5'-ATG TTT CAT AGT TGG ATA TC-3' ) (SEQ ID No. 12) 

30 (located in the neo cassette) are used in the 
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polymerase chain reaction to reveal the (-) allele; 
this PCR reaction generates a fragment of 500 bp. 

For the analyses using DNA transfer (Southern 
blotting), the genomic DNA is digested with BamHI and 
5 the probe used is the probe X4 (3 kb BamHI-Xbal 
fragment of the RXR„ gene) (Metzger et al., 1995). 

1.3 - Treatment with Tamoxifen 

Tamoxifen (Sigma) solutions are prepared 
according .to ..the protocol, described by Metzger and 
Chambon (2001). 1 mg of Tamoxifen dissolved in 100 jul 
of sunflower oil is intraperitoneal^ injected into a 
transgenic mouse K5-Cre-ER T for five consecutive days, 
U and then again for three consecutive days, two, four 

15 and six weeks later. The K14-Cre-ER T2 transgenic mice 
lv are in traperitoneally injected with 0 . 1 mg of Tam 

dissolved in ' 100 ul of sunflower oil for five 
consecutive days, while the aP2-Cre-ER T2 and aAT-Cre-ER T 



10 



u 



Iff 



mice are treated with 1 mg of Tam. 



20 



1.4 - Histological analyses 

The skin biopsies from animals of the same age 
and of the same sex were prepared at the level of the 
same sites of the body. 

25 The skin samples are fixed in glutaraldehyde 

(2.5% in 0.1 M cacodylate buffer pH 7.2) overnight at 
4°C and then post-fixed with 1ft osmium tetroxide in a 
cacodylate buffer for 1 hour at 4°C. The tissues are 
dehydrated with increasing concentrations of alcohol 
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and then covered with Epon 812. Semithin sections of 
2 um S re then stained with toluidine blue. 

1.5 — Imraunocheraistry 
5 After fixing in 2% paraformaldehyde, frozen 

sections of 10 m are blocked in 5% normal goat serum 
(Vector Laboratories) incubated with the rabbit 
polyclonal antibody anti-MK6 (Babco) . After washing in 
PBS/0.1% Tween 20, the sections are incubated with the 
10 donkey anti-rabbit IgG antibody conjugated with CY3 
(Jackson immuno Research) and then mounted in the 
Vectashield medium (Vector Laboratories) containing 
DAPI <4',6-diamidino-2-phenylindole dihydrochlori.de; 
Boehringer Mannheim) (Brocard et al . , 1997). The anti- 
15 Cr e antibodies are used according to Indra et al. 
(1999) . 

1.6 - Immunohist ©chemistry 

Tumors (8 - 16 mm) were excised 22 weeks after 
2 0 DMBA application and immediately embedded in OCT and 
frozen on dry ice. 10 um-thick frozen sections from CT 
and RXRa ep_/ - tumors were reacted with primary 
antibodies [mouse monoclonal anti-KlO, rabbit 
polyclonal anti-K5 (gifts from Prof. Brigitte Lane, 
25 cell Structure research group, University of Dundee), 
rabbit polyclonal anti-Kl (Babco), rabbit polyclonal 
anti-Kl3 (gift from Prof. S. Yuspa, NIH) , rabbit 
polyclonal a6-integrin, biotin-conjugated rat 
monoclonal anti-CD3l (Pharmingen) ] , an d revealed with 
30 either CY3- conjugated donkey anti-rabbit, CY3- 
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conjugated goat anti mouse IgG antibodies or CY3^ 
streptavidine (Jackson Imrauno research] . Counterstaining 
was performed with DAPI ( 4 ' , 6-diamidino-2-phenylindole 
dihydro chloride, Boehringer Mannheim) . 

5 

1.7 — Histology 

The edipose tissue samples are removed from 
animals perfused with PFA, fixed with the aid of 
formaldehyde (20% in PBS) and then frozen in OCT 
10 (rissue-Tek- compound, Sakura) . Cryosections of 10 urn 
are stained with hematoxylin and eosin. 

The liver is removed from animals, rinsed in 
PBS, fixed in a Boin solution and then embedded in 
paraffin. Sections of 6 um are stained with hematoxylin 
15 and eosin. 

Tumors from 25 animals were excised at 25 or 30 
weeks after DMBA application, fixed in Bouin' s fixative 
and embedded in paraffin. 5 um sections were stained 
with hematoxylin and eosin. Electron microscopy was 
20 performed as described (Li et al. , 2001). 

Subiliac lymph nodes were isolated 30 weeks 
after DMBA application, fixed in 4 % paraformaldehyde, 
photographed and embedded in paraffin. 5 um-thick 
sections were stained with hematoxylin and eosin. 

25 

1.8 - Assay of blood parameters 

The assay of the triglycerides and of 
cholesterol is carried out according to Peters et al. 
(1997), with Boehringer Mannheim reagents. The assays 
30 of insulin and of glucose are carried out with the 
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Crystal Chem Inc. and glucofilms kit (Bayer Corp, USA) 
respectively. 

1.9 - Treatments with carcinogenic agents 
5 Skin papillomas and carcinomas were chemically 

induced by the two-stage carcinogenesis schedule. A 
single dose of 7, 12-dimefehylbenz (a) anthracene (DMBA) (5 
fig in 100 \xl acetone) was applied on the dorsal skin of 
10 - 14 week old mice, 7 weeks before or 16 days after 
10 the first- -Tam or oil (vehicle) treatments. 12-0- 
tetradecanoylphorbol-13-acetate (TPA) (5 pig in 200 
acetone) was applied twice a week for 25 to 30 weeks, 
starting one week after DMBA application. CT and 
O RXRa ep y mice were shaved 7 and 2 days before DMBA 

ff, 15 treatment, and every second week for 30 and 15 weeks, 

, respectively, 8 weeks after DMBA treatment, all-trans 

l ; retinoic acid (t-RA, 20 rimoles in ethanol) or vehicle 

U was topically applied 15 min before each TPA 

it application. 



ill 



20 



25 



30 



1.10 - Determination of the number and siza of the 
tumors 

The length of the papillomas and the diameter 
of the melanocytic were measured with a Vernier 
calliper on isofluorane anesthesised mice. 

1.11 - Statistical analyses 

Values are reported as mean ± SEM, Statistical 
significance (p < 0,05) was determined by unpaired 
Student's test (Statview, Abacus Concepts, CA) . 
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2) First example: Ta rgeted inactivation of the RXR„ 
gene in the epidermis of adult mice. 

5 

To inactivate RXR* in the epidermis, the 
inventors constructed a mouse carrying floxed RXR^" 
alleles (Figure 1A> and used the transgenic mouse line 
K5-Cre-ER T in which Tamoxifen (Tarn) efficiently induces 
10 Cre-mediated recombination in the keratinocytes of the 
basal layer (Indra et al . , 1999). The crossing of the 
K5-Cre-ER T '^VRXR a "/" mouge with an RX ^- 

(Figure 1A) (Kastner et al., 1994) or with an RXR« L2/+ 
mouse makes it possible to obtain *promutant" (PM) 

15 hemizygous (tg/0) mice for the K5-Cre— ER 1 transgene 
which carries either an BXP^ 2 allele and a null RXRo 
allele (genotype: K5-Cre-ER T,tg/0, /RXR a L2/ -) , or two 
L2 alleles (genotype K5-Cre-ER T(tg/0 >/RXR« L2/L? ) . Fourteen- 
week-old PM mice were treated with Tamoxifen (five 

20 days, l mg/day) , and then treated again two, four and 
six weeks later. Six to twelve weeks after the first 
Tamoxifen treatment P AFT : After First Tamoxifen 
Treatment"), nearly all the RXR* L * alleles (>80%) were 
converted to an RXH a L " allele in the epidermis isolated 
25 from mice carrying a floxed allele (Figure IB, lanes 2, 
3, 5 and 6) or two floxed alias (Figure IB, lanes 1 and 
4) . 

As expected (Indra et al. (1999)), no excision 
is observed in the mice treated only with the oil which 
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served as a vehicle for Tamixofen; the Cre-mediated 
excision of exon 4 of RXR„ is in addition restricted to 
the skin and to the other organs which possess 
epithelia in which the K5 promoter is active (that is 
5 to say: the tongue, the salivary gland, the esophagus, 
Figure 1C) . 

interestingly, hair loss (alopecia) was 
observed six to seven weeks after the first treatment 
with Tamoxifen in the ventral region of the mice; this 
10 was not observed in the mice treated with oil alone 
without Tamoxifen, or in the -control" mice of the same 
litter treated with Tamoxifen (K5-Cre-ER T(t ' j/c, '/RXR cl L * /+ ) 

Twelve to sixteen weeks after the first 
injection, large ventral regions and smaller dorsal 
15 regions of the skin of the mice had lost their hair 
(Figure 2A and B) and cysts which grow bigger and which 
appear over the whole body with time are also visible 
under the surface of the skin (Figure 2C) . 

As the age increases (> twenty weeks after the 
20 first injection of Tamoxifen), minor lesions, which are 
not caused by fights, appear in hairless regions of the 
skin of the back, of the cheeks and of the posterior 
face of the ears (Figure 2D) , 

Sixteen weeks after the first treatment with 
25 Tamoxifen, histology of the hairless ventral and dorsal 
regions showed degeneration of the hair follicles 
resulting in the appearance of utriculi and of dermal 
cysts (Sundberg and King, 1996) (Figure 2 - compare E 
and F) . The interfollicular epidermis is hyperplastic 
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with an increase in the incorporation of BrdU and an 
increased expression of the proliferation marker Ki67. 

Dermal cellularity is increased and the 
capillaries are dilated (compare Figures 2E and 2G wiLh 
5 2F and 2H) below the thickened epidermis, thus 
reflecting an inflammatory reaction. The keratin. 6 
(K6), normally expressed selectively in the hair 
follicle outer root sheath (ORS) is also expressed in 
the hyperproliferative interf ollicular epidermis 
10 . .(Figure 21 . and J) indicating an abnormality in the 
terminal differentiation of the keratinocytes (Porter 
et al., 1998). All these abnormalities are less severe 
and/or appear much later in the males than in the 
females . 

15 To increase the efficiency of the recombination 

mediated by Cre and induced by Tamoxifen, the inventors 
have constructed transgenic mouse lines K14-Cr e -ER T2 in 
which the K14 promoter selective for the basal layer 
(Vassar et al . , 1989) directs the expression of Cre-ER'" 

20 whose activity may be induced by a gentler treatment 
with Tamoxifen (0.1 mg for five days) (Indra et al., 
1999) . 

K14-cr«-ER««««'°7i«R a «'« mice were treated 
simultaneously with "control", K14-Cre-ER T2(i:< ' /0 >/RXR a 1 ' 2/L4 " 
25 K14-Cre-ER T2f0/0 >/RXR a L2/+ and K14-Cr e -ER T2 <°'°>/RXR a L2 ' L2 mice 
obtained from the same litter. 

Within two weeks, the RXRe W alleles were 
completely converted to an RXR^" alleles in the 
epidermis (Figure ID, lanes 1 and 7), but not in the 
dermis (Figure ID, lanes 2 and 8) of transgenic mice 
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expressing K14-Cre-ER T:? , thus demonstrating the 
increased efficiency of Cre-ER T2 for mediating, after a 
Tamoxifen treatment, the selective somatic mutation of 
floxed RXRa in the epidermis. 
5 No conversion of L2 to L- appeared in the 

controls lacking the transgene K14-Cre-ER T2 (Figure ID, 
lanes 5, 6, 11 and 12) or not treated with Tamoxifen 
(Figure ID, lanes 3, 4, 9 and 10) , Furthermore, 8 weeks 
after the treatment with Tamoxifen, only the RXR a L " 
10 ' allele was - detected "~"ih ' the epidermis of 
Kl4-Cr e -ER IZf ^ 0 VRXR a w/L2 mice, indicating that RXR a was 
excised in the majority, if not all, of the stem cells 
of the epidermis. The inactivation of RXR a also appears 
in the other epithelia of other organs in which the 
15 K14 promoter is active (Wang et al . , 1997) (that is to 
say the tongue, esophagus, stomach) . 

From 6 weeks after the start of Tamoxifen 
treatment, the K14-Cre»ER T2(r ^ /0 VRXR tt L2/L2 mice exhibited 
abnormalities similar to those observed in the 
20 K5-Cre-ER TtI ^°VRXR« L2/L2 mice treated with Tamoxifen, 
that is to say a marked hair loss with visible cysts, 
while visible focal lesions appear at subsequent stages 
(Figure 2K and L) . 

The underlying dermal and epidermal 
25 histological abnormalities are also similar to those 
observed above for the K5-Cre-ER T{ tg/0) /RXR* l ' z/L2 mice 
treated with Tamoxifen. 

The inactivation of floxed RXRa in the adult 
epidermis is obtained more rapidly and with lower doses 
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of Tamoxifen with the K14-Cre-ER T2 mice than with the 
K5-Cre-ER T mice/ but the resulting skin abnormalities 
are finally similar, in both cases, more severe in the 
females than in the males. 
5 Interestingly, these abnormalities are also 

similar to those observed in the Kl4-Cre (cg/0 Vrxr* L2/l:2 or 
K14-Cre ftg/0, /RXR 6l L2/ - mice in which the floxed RXR* 
alleles ate selectively excised in the epidermis during 
fetal development, thus leading to inactivation of RXF^ 
10 "in the keratinocytes of the epidermis and in the hair 
follicle root sheaths. In fact, after three weeks of 
age, these v constitutive" and epidermis-specific RXR a 
mutants develop progressive alopecia with typical 
characteristics of degenerated hair follicles, utriculi 
iy 15 and dermal cysts, which may all be attributed to 

defects in the hair cycle. Furthermore, these mutants 
Q also exhibit interf ollicular hyperprolif eration of the 

iu keratinocytes, as well as abnormal terminal 

U differentiation (with expression of K6) , and an 

^ 20 increase in the dermal cellularity associated with an 

inflammatory reaction of the skin. 

Although RXRp is expressed in the epidermis of 
mice, the skin of adult RXRp''" mutants appears normal 
(Kastner et al . , 1996), thus suggesting functional 
25 redundancies between the various RXRs , As expected, 
K5-Cre-ER TUg/0, /RXR a L2/L VRXR f r / " and 
K5-Cre-ER T<Tg/0, /RXR a L2/L2 /RXRp" / - mice treated with oil 
(without Tamoxifen) do not exhibit skin abnormalities, 
whereas after treatment with Tamoxifen/ these mice 
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begin to lose their hair 4 weeks after the first 
treatment with Tamoxifen while large regions of the 
skin are hairless 16 to 18 weeks after the start of the 
treatment (compare Figure 3A with Figure 2D) , 
5 Focal lesions of the skin which were not 

observed in the single RXR a mutants are also frequently 
observed in the double RXR^/p mutants fourteen to 
sixteen weeks after the first treatment with Tamoxifen, 
in particular on the hairless skin of the trunk, behind 

10 '"the ears and behind the mouth' (figure 3A) . 

Histology of the hairless skin shows 
disappearance of the hair follicles and the presence of 
utriculi and of dermal cysts (Figure 3B) . The epidermis 
is highly hyperplastic and hyperkeratinized (compare 

15 Figures 3B and 3C with Figures 2E and 2G, and Figures 
2F and 2H) * Abnormal expression of K6 is observed 
through the whole epidermis (Figure 3D) and an 
inflammatory reaction with an increase in cellularity 
is also observed (Figure 3B) . In the lesioned skin, the 

20 epidermis is covered with a crust and is more 
hyperplastic and hyperkeratinized. The triple mutants 
KS-Cre-E^^'^VRXRa^^VRXRp^VRXV 7 " do not reveal an 
additional role of RXR, in the adult skin. Thus, RXRp 
may partially compensate for the loss of RXRa function. 

25 Interestingly, the functional redundance is 

more pronounced in the males than in the females , since 
the male and female double mutants RXRa/ RXRp are 
affected in a similar manner unlike the single mutants. 
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Taken together, the preceding results show the 
efficiency of the Cre-ER T , Cre-ER TZ and Cre-ER T3 
recombinases (see Example 5 and Figures 9, 10 and 11) 
for generating somatic mutations which are targeted, 
5 specific for a cell type and temporally controlled, in 
adult mouse tissues. 

The preceding results also make it possible to 
demonstrate the use of Cre-ER T ~RXRf loxed mice for 
analysing and studying the complex biological function 
of the various RXR sub-types (RXR 0 , RXRp, RXR 7 ) in a 
„ particular tissue, that is to say the epidermis. 

\u This study has thus made it possible to reveal 

W the existence of functional redundancies between RXR a 

Uf and RXRp, although the role of RXR« is clearly 

S M 15 predominant. 

i. = i The mechanism of action of the various RXR in 

U the molecular "events which lead to alopecia and to 

■is as 1 

in abnormalities in the keratinocytes of the epidermis 

£ which are deficient in nuclear RXR receptors remains 

H 20 unknown. 

Nevertheless, their role as heterodimeric 
partners of a certain number of nuclear receptors (for 
example RARs, TRs, VDR, PPARs) which act as signal 
transducers in various signaling pathways has been 

25 suggested in numerous studies in vitro using cells in 
culture, and confirmed in vivo in some cases using^ 
targeted mutagenesis (Chambon, 1996; Mascrez et al., 
1998; Wendling et al . , 1999). Interestingly, like RXR*, 
VDR is expressed in the ORS of the hair follicle 

30 (Reichrath et al., 1994), and mice in which the two 
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alleles of the VDR gene are inactive (VDR * knock-out" 
mice) develop progressive secondary alopecia, 
suggesting that VDR is involved in the hair cycle 
rather than in primary hair growth (Yoshizawa et ai . , 
5 1997; Li et al., 1997; Li et al . , 1998). 

Interestingly, the alopecia developed by 
fourteen-week-old VDR V ~ mice and K5-Cre-ER TUg/0J / 
RXR rt L - VL2 /RXR p " / " mice eighteen weeks after their 
treatment with Tamoxifen appear very similar, although 
10 the skin of- the VDR -/ " mice 'does not exhibit the lesions 
observed on the epidermis of the mice deficient in RXR 
(compare Figures 3A and 3E) , 

At the histological level, similar utriculi and 
dermal cysts are observed (compare Figures 3B and 3F) 
15 but no hyperproliferation of the keratinocytes, or 
abnormal dif f erenciat ion revealed by the expression of 
K6 is observed in the epidermis of the VDR" 7 " mice 
(compare Figures 3C and 3D with Figures 3G and 3H) . 
Thus, the alopecia generated by the selective 
20 inactivation of RXR in the keratinocytes of adult mice 
is thought to reveal a major role of the RXR /VDR 
heterodimers in the hair follicle cycle* 



25 



3 ) Second example: Targeted inactivation of the SNF2g 
gene in the epidermis of adult mice 



To inactivate the SNF2J3 gene in the epidermis 
of adult mice, the inventors constructed a mouse 
carrying floxed SNF20 alleles (L2+; Figure 4A) and used 
30 the transgenic mouse line K14-Cre-ER T2 in which 
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Tamoxifen effectively induces Cre-mediated 

recombination in the keratinocytes of the basal layer 
of the epidermis. Eight-week-old 

K14-Cre-ER T2(tg/01 /SNF2(3 L2/L2 and Kl4-Cre-ER T210/0 '/SNF2p L2/ " 
5 mice were treated with Tamoxifen for five days at the 
rate of 0.1 mg/day or with oil (-) . Skin biopsies were 
taken, the dermis and the epidermis separated, the 
genomic DNA prepared, digested with BamHI, separated by 
agarose gel electrophoresis and transferred onto nylon 
10 membranes which were hybridized with the radiolabeled 
5' probe (Figure 4A) . The corresponding autoradxographs 
are presented in Figure 4B. In the absence of 
Tamoxifen, no excision in the SNF20 gene is observed 
whether in the dermis or the epidermis of 
15 K14-Cre-ER T? <^°7SNF2P L2 ^ mlce . 0 n the other hand, the 
injection of Tamoxifen into these same mice induces the 
exicision of the floxed fragment of the SNF2p gene only 
in the epidermis, because the K14 promoter is active 
only in this tissue and not in the dermis. As expected, 
20 Tamoxifen induces no excision in 

K14-Cre-ER T2(0/d VSNF2p L2 ^ 2 ^control" mice whose cells do 
not contain a Cre-ER T2 transgene. 

4 5 Third example: Targeted inactivation of the RXR» 
25 gene in murine adipocytes 



To carry out the spatiotemporally controlled 
Site-specific mutagenesis in the adipocytes, ■ the 
inventors created transgenic mice called aP2-Cre-ER T2 
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expressing the Cre-ER T2 fusion protein under the control 
of the promoter of the gene encoding adipose protein 
2 (aP2) which is specifically active in the adipocytes 
(Ross et al., 1990) . 

5 To invalidate the RXRa gene selecLively in the 

adipocytes, the aP2-Cre-ER r2 < cq/0> mice were first crossed 
with RXR a L2/+ mice so as to produce 

aP2-Cre-ER T2t ^ /0 VRXR a L2/L2 mice. These mice were then 
crossed with RXR a +/ ~ mice (Kastner et al . , 1.994) so as 

10 to produce aP2— Cre-ER T2 ttg ^ 0) /RXR a L2,/ ~ mice. Such four week 
old mice were treated ( + ) or not (-) with Tamoxifen 
(1 mg/day) fox five days, and the adipose tissue 
collected one month after the last injection of 
Tamoxifen. The DNA was extracted from the adipose 

15 tissue, or after separation of the adipocytes (80%- 
purified adipocytes) from the connective tissue and 
blood vessels (non-adipocytes ) . The DNA is then 
digested with BamHI and then separated by agarose gel 
electrophoresis,- transferred onto nylon membranes and 

20 then hybridized with the radiolabeled X4 probe. The 
corresponding radiographs are presented in Figure 5. 

In the absence of Tamoxifen, no excision in the 
RXR« gene is observed whether in the adipose tissue, 
the adipocytes or other non-adipocyte cells of the 

25 epidermis of aP2-Cre-ER T2(tg/0 7RXR ct L2/ - mice. On the other 
hand, the injection of Tamoxifen into such mice induces 
the excision of the floxed fragment of the RXR* gene 
only in the purified adipocytes and the adipose tissue. 
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Analysis of the weight of the 

aP2-Cre-ER T2(t<J/0 ) /RXR^ 2 '- anc i aP2-Cre-E& T2l ^ /0 7RXR a L2/+ 
animals treated with Tam (mutants; Ko, and controls ; 
CT, respectively) and fed with a normal diet (AN) , 
5 determined for 30 weeks, revealed no significant 
difference between the two groups of animals {Figure 
6A) . Furthermore, the weight of the adipose tissue and 
the morphology of the adipocytes were similar (Figure 
6B and 6C) . On the other hand, the glucose level was 
10 - abnormally high and the triglyceride levels were lower 
in the mutant animals (Figure 6D) . By feeding the 
Tamoxifen-treated control animals with food rich in fat 
and in glucose (AR) , they became obese (increase in the 
weight, the mass of adipose tissue and hypertrophy of 
15 the adipocytes) (Figures 6A-C) . The triglyceride and 
insulin levels are also much higher than in the animals 
fed with AN. On the other hand, no increase in the 
weight of the animals and in the mass of the adipose 
tissue is observed in the mutated animals fed with AR. 
20 Furthermore, the adipocytes are not hypertrophic, and 
the triglyceride and insulin levels are similar to 
those observed with an AN. 

These mutant animals therefore constitute 
advantageous models for studying obesity and diabetes, 
25 as well as for testing treatments of these diseases. 



5 > Fourth e xample; Targeted inactivation of the RXR„ 
gene in murine hepatocytes 
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To carry out the spatiotemporally controlled 
site-specific mutagenesis in the liver, the inventors 
created transgenic mice called *aAT-Cre-ER T " expressing 
the Cre-ER 7 fusion protein under the control of the 
5 promoter of the gene for human a-l-antitrypsin which is 
specifically active in the hepatocytes (Imai et al . ; 
2000) . 

To inactivate RXR^ in the murine hepatocytes, 
the inventors constructed a mouse carrying floxed RXR^ 2 
10 alleles (Figure 1A) and used the transgenic mouse line 
aAT-Cre-ER T in which Tamoxifen (Tarn) efficiently 
induces Cre-mediated recombination in the hepatocytes 
(Figure 7) . aAT-Cre-ER T(tg/0) mice which express Cre-EH T 
in about 50% of the hepatocytes (Imai et . , 2000) 
15 were crossed with RXR« L2/:L2 mice so as to produce 

/ j*Ai\ a miufei- Such tnree moncn oia mice 
were treated with Tam (1 mg/day) for five days, and the 
heart and the liver collected 7 days after the first 
injection of Tam (day 7) , from one and three animals 
20 respectively. The heart and the liver were also 
collected from one and three animals, respectively, of 
the same genotype without treatment with Tam (day 0) . 
The DNA was extracted from these tissues, and after 
digestion with BamHI, the RXR« alleles were analyzed by 
25 Southern blotting. 

As expected, no excision i$ observed in the 
cells of the heart of mice treated with Tamoxifen 
(Figure 7) or the liver of mice not treated with 
Tamoxifen (day 0) . On the other hand, on day 7, the 
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mice treated with Tamoxifen exhibit excision in the 
RXR a gene in about 50% of the liver cells, which indeed 
corresponds to the expression, in the form of a mosaic, 
of the Cre-ER T protein in the hepatocytes of the 
5 aAT-Cr g-ER t mouse. 

On the other hand, 30 and 90 days after the 
treatment with Tamoxifen, practically no null RXR a 
cells are again observed (Fig. 8) . Furthermore, the 
RXR* WL " cells proliferate much less than the RXR« L2/L2 
10 cells after partial hepatectomy (HP) carried out on 
mutant animals treated with Tamoxifen (Fig. 8, compare 
lanes 68 and lanes 15-17) . Thus, RXR a is involved in 
the proliferation of the hepatocytes* 

15 6 ) Fifth example: The chimeric Cre recombinase 
P r e-£R T3 is ten times more sensitive to Tamoxifen 
than Cre-ER* 5 

With the aim of increasing the sensitivity of 
the chimeric recombinase Cre-ER T2 to Tarn or OHT, the 

20 inventors replaced, in Cre-ER T2 , V400 with 
G (Cre-ER mutant M543A/L544A, called * Cre-ER Ta " ) . 
Transgenic mice expressing Cre-ER T3 under the control of 
the K5-promoter were obtained, and a line expressing 
the chimeric recombinase at similar levels to those 

25 detected in the K5-Cre-ER T and K5-Cre-ER r * lines was 
generated (see Figure 9, and results not presented) . 

The sensitivity to OHT was tested in a first 
instance by analysing the intracellular location of the 
chimeric proteins. Whereas after treatment with 0,1 mg 

30 of OHT, Cre-ER T2 and Cre-ER T3 are both located in the 



11/05 2001 VEN 16:56 FAX 29 35 99 CABINET REGIMBEAU 



121017/021 



- 76 - 



cellular nuclei, Cre-ER T3 is present in a larger 
fraction thereof at lower doses of Tam or OHT. At the 
dose of 0.001 mg, about 1/3 of the nuclei are strongly 
labeled with anti^Cre antibodies in the basal layer of 
5 the epidermis of K5-Cr<=>-ER TJ mice, whereas no positive 
nucleus is observed in the skin of K5-Cre-ER T2 mice 
(Figure 10) , It was also possible to visualize this 
difference in sensitivity using the reporter mice 
RosaR26R (Rosa fl/t ) (Soriano, 1999) . Indeed, although 
10 --the excision .levels induced -with 1 and 0.1 mg of OHT 
are similar in both lines, the excision is markedly 
2 more efficient in the K5-Cre-ER T3 mice following 

W treatments with 0.01 and 0.001 mg of OHT (Figure 11) , 

Hi 

•;; It should be noted that in the absence of treatment, no 

O 15 recottibinase activity is detected in the K5-Cre-ER T3 

> u line. 

jKSBS. 

Ifi 7 > Sixth example : Role of RXRg in sfcin 

I** earci nogeneei 3 

f** r 20 Tns stages of initiation, promotion, 

H progression and tumor conversion in the skin 

carcinogenesis model are well characterised. In WT 
mice, initiation using 7 r 12-dimethylbenz ( a ) anthracene 
(DMBA) and promotion with 12-O-tetradecanoylphorbol 13- 
25 acetate (TPA) provokes papillomas that are 
hyperplastic, well-differentiated skin lesions. After a 
latency period of about 25 weeks, a percentage of 
papillomas progress to carcinoma (Ghadially and 
Ghadially, 1996; Hennings et al . , 1993; klein-Szanto et 
30 aJ. , 1989) , 
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8-12 week-old K14-Cre-ER T2 <tg/0) /RXRa L2/L2 mice 
were Tarn-treated (0.1 mg per day for 5 days), which 
resulted in RXRa ep-/ ~ mice (for epidermal keratinocyte- 
selective RXRa null genotype) fully lacking RXRa in 
5 keratinocytes of the epidermis and outer root sheath of 
the hair follicles 2 weeks after the first Tam 
injection. Similar Tam treatments applied to K14-Cre- 
ER T2(t g /o, /RXRaL 2/ + K14-Cre-ER T2 < 0/0 >/RXRa L2/L2 
littermates, resulted in control (CT) mice which 
10 carried, in epidermal keratinocytes, one WT {+) and one 
RXRa L- allele, and two RXRa L2 alleles, respectively. 

To induce papilloma formation, CT and RXRa ep_/ ~ 
female mice were topically-treated 16 days after the 
first Tam injection with a single dose of DMBA (50 \ig) , 
15 and then twice a week with TPA (5 fig) for 25-30 weeks 
(Fig. 12A) . "Seven to eight weeks after DMBA 
application, small papilloma were observed in all CT 
and RXRa ep_/ ~ mice, and their number and size increased 
with time (Fig,12B and data not shown). Interestingly, 
20 RXRa mice developed approximately twice as many 

tumors as CT mice, and 30 weeks after the start of 
DMBA /TPA treatment, an average of 12 and 28 papillomas 
were present in CT and RXRa ep ~ / ~ mice, respectively 
(Fig. 12B) ♦ Although CT males were less sensitive to 
25 the DMBA/ TPA treatment than CT females (the number of 
papillomas was two-fold lower) , RXRa ep_/ ^ males also 
exhibited about twice as many papilloma as CT males 
(data not shown) , In both males and females, the size 
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and growth rate of the tumors were increased in 
RXRa ep " A mice (Fig. 12C and 12D; and data not shown) . 
After 30 wggJcs of TPA treatment, the papillomas of CT 
females were never longer than 12 mm, whereas -10 % of 
5 the papillomas of RXRa* p_/ ~ females had a length between 
12 and 16 mm, and 3 % reached a length of 30 - 40 mm; 
Note that in the absence of either DMBA or TPA 
treatment no papilloma appeared in CT and RXRa 6p_/ ~ 
mice, even after 30 weeks of treatment (data not 
10 shown) . 

To characterize the tumors induced by DMBA/ TPA 
treatment, - 50 tumors from 6 CT and 6 RXRa ep " /_ mice 
were histologically examined. In agreement with 
previous reports, almost all tumors analysed 25 weeks 

15 after the start of DMBA/ T PA treatment of CT mice were 
benign papillomas characterised by skin folds 
integrated by a core of connective tissue and lined by 
an acanthotic, hyperkeratotic, stratified squamous 
epithelium (Fig. 13Aa and 13C (table)). 35 % of the 

20 papillomas exhibited an atypical hyperplasia, 5% 
displayed an in situ carcinoma, but no focal carcinoma 
could be detected (Fig. l3Ab and 13C (table), and data 
not shown) . It was only 30 weeks after tumor initiation 
that some focal carcinoma were observed in *-l6 % of the 

25 tumors (Fig. 13Ac and 13C (table), and data not shown). 
In contrast, 25 weeks after tumor initiation, almost 
all of the RXRa ep_v ~ papilloma exhibited an atypical 
hyperplasia, 10 % displayed in situ carcinoma, and 
focal carcinoma were observed in 40 % of the tumors 
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(Fig. 13Ba-c and 13C (table), and data not shown). 
Moreover, 5 weeks later, 27 % of the tumors had 
progressed to differentiated and undifferentiated 
squamous cell carcinomas (SCC) with extensive local 
5 invasion of cancer cells in the dermis (Fig, 13Bd-g and 
13C (table)). Advanced grade I SCC (Fig. 13Bd, note the 
pearls with keratin in the center), grade II SCC (Fig. 
13Be 7 note the fused keratin pearls, with only very 
reduced remaining regions of Jceratini2ation) and grade 
10 --III and IV- SCC (Fig. 13Bf --and- g ; note the spindle 
Q shape cytoplasm and. nucleus of the cancer cells that 

J are found along with the muscle cells, indicating a 

complete conversion into malignant cancer) were 
observed in 3 to 9 % of the tumors (Fig. 13C (table )). 
15 Highly aggressive spindle cell carcinoma (- 6 %) and 
basal cell carcinoma (-9 %) were also found in 
RXjRa ep ~ /_ , but not in CT animals (Fig. 13Bh and i and 
13C (table) ) . 

Taken together, these above data show that 
20 higher incidence of malignant conversion occurred in 
papillomas of RXRa epV ~ than of CT mice. 

In agreement with previous reports (Epstein, 
1992 ; Epstein et al., 1967 ; Husain et al., 1991), 
DMBA application to skin of CT mice induced on its own 
25 the formation of benign melanocytic growths (nevi) 
(Fig. 14A and data not shown), histologically 
characterized by subepidermal accumulation of 
melanocytes (Epstein et al . , 1967). Interestingly, 
melanocytic growths were -7-fold more efficiently 
30 induced by DMBA treatment of RXR<x ep ~ /- mice (Fig. 14A and 
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B) . Furthermore, these RXRot ep_/ " melanocytic growths 
were generally larger (Fig. 14C) and contained a larger 
number of densely melanin-laden melanocytes in both the 
dermis and the hypodermis, and invasion of the 
5 underlying musculature was observed in 5 - 10 % of 
them (data not shown) , thus, indicating a higher 
potential of metastasis (Broome Powell et aJL, 1999 ; 
Epstein, 1967 ; Goding, 2000 ; Hirobe, 1995 ; Klein- 
Sozanto, 1989) . 

10 " Electron microscopy "revealed that melanocytes 

from CT nevi contained mainly stage III and IV 
melanosomes in agreement with previous reports. Most of 
Ifi the melanocytes present in melanocytic growths from 

j£ RXRa ep ~ /_ mice contained -10-fold more melanosomea than 

'■is & 

}ti 15 CT melanocytes (data not shown) . Moreover, in about 40 

r % of the melanocytes, more than 30% of the granules had 

the appearance of vesicles of variable electron opacity 
with a distinct substructure (data not shown) . The 
membrane of a number of melanosomes was disrupted and 
20 smaller melanin granules were scattered in the cellular 
matrix (data not shown) . Taken together, these results 
indicate that DMBA induced melanoma formation in the 
skin of RXR<x epV " mice. 

Most interestingly, autopsies performed 30 
25 weeks after DMBA treatment revealed that subiliac lymph 
nodes were enlarged and pigmented in two out of 4 
RXR<x e P~/~ mice, but not in CT mice (0/4) (Fig.lSA a and 
b, and data not shown) . Histological analysis revealed 
the presence in RXRaep-/- mice, but not in CT mice, of 



"KiSS." 
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few melanin-laden melanocytes in the lyrnphosinus of 
RXRa e P~/~ mice, which were slightly enlarged (Fig. ISA 
compare pan^l c and d, and data not shown) . Multiple 
tpa applications after DMBA treatment increased the 
5 number of melanocytic growths in CT mice and RXRa e P~/" 
mice (Fig, 14B, and compare Fig. 12C and Fig. 14A) 
Whereas after 30 weeks of dmba/TPA treatment, only 
about 10 nevi were observed per CT mouse (most of them 
having a diameter below 2 mm) , more than 50 melanocytic 
10 growths were found per RXRa ep " / " mouse (more than 50 % 
of them having a diameter over 2 mm) (Fig. 14 c) . 
Melanocytes were found in 5/6 subiliac lymph nodes from 
RXR<x REW ~ mice, and in 1/6 from CT mice (Fig. 15A a and 
f , and data not shown) . DMBA/ TPA treatments resulted in 
15 about 5 times more melanocytes in the lympho sinus of 
RXRa p 7 mice- than after DMBA treatments. Most 
melanocyte-containing lymphosinus were markedly 
enlarged and clusters of melanocytes were seen in about 
20 % of them (Fig. 15h, and data not shown). In 
20 contrast, only few melanocytes were seen in only one of 
the lymph nodes of CT mice (data not shown). 

As RXRa L2 alleles, but not L- alleles could 
not be detected in the RXRa ep ~ / ~ melanocytic tumors 
induced either by DMBA or DMBA and TPA, and L- but not 
25 L2 alleles in their epidermis (data not shown), these 
results demonstrate that the formation of melanoma in 
RXRa cp ~ /_ mice is dependent on RXRa ablation in 
keratinocytes, but not in melanocytes. 
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a > Seventh example : Role of RXkg j n the antitumors! 
effect of retinoic acid 

la agreement with previous results (Hansen, 
2000 ; Huang et al., 1997 ; Leder et al, 1990 ; Slaga 
5 et al, 1980 ; Tennenbaum et al, 1998), topical 
application of all-trans retinoic acid (t-RA) 
efficiently blocked skin papilloma forma Lion induced by 
DMBA/TPA in both female and male wild-type 129Sv (data 
not shown) . RA application also efficiently inhibited 

10 tumor formation in CT, but not in RXRa ep ~ /_ mice. 
Indeed, 25 weeks of RA treatment induced a reduction of 
size of the papilloma (from 2 - 3 mm to 1 mm, in 3 out 
of 8 papillomas of 6 mice) and the size remained the 
same in the other papillomas, in contrast, no decrease 

15 in size of the papilloma was observed in RXRct ep_/ ~ mice. 
Furthermore, after 25 weeks of DMBA/TPA treatment, an 
average of 1 tumor was observed in RA treated CT mice/ 
whereas an average of - 17 tumors were found in 
similarly treated RXRa ep_/ " mice. As previously observed 

2 0 in RXRa ep ~ / ~ mice in the absence of RA treatment, ~ 11 % 
of the tumors were larger than 12 mm (data not shown), 
whereas the size of the tumors from CT mice was below 2 
mm. 

Furthermore, after ra treatment, both the 
25 number and size of melanocytic growths were increased 
in RXRa ep-/ ~ mice compared to CT mice (data not shown) . 
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